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PREFACE 

This report, which was prepared for the United States Air Force by 

Calspan Corporation, Buffalo, New York in partial fulfillment of Contract 

F33615-73-C-3051, "In-Flight Simulation Investigations," describes the experi- 

mental procedure and results of the T-33 Task I under that contract. 

The program was performed during the period 1 February 1973 to 

14 December 1973 by the Flight Research Department of Calspan under the sponsor- 

ship of the Air Force Flight Dynamics Laboratory, Air Force Systems Command, 

Wright-Patterson Air Force Base, Ohio. Mr. J.L. Lockenour was project engineer 

for the USAF. Captain R. Ruffing was the USAF project manager. 

This report is being published as Calspan Report No. AK-5280-F-2. 

The work reported in this document represents the efforts of a number of 

persons and organizations whom the authors wish to acknowledge: 

Mr. G. Warren Hall of Calspan and Maj. Walter J. Schob, Jr., USAF were the 

evaluation pilots for Phase I, Mr. Rogers E. Smith and Captain Leroy B. Schroeder, 

USAF, were the evaluation pilots for the Phase II evaluations. Mr. Smith and 

Mr. Hall were the NT-33A safety pilots for Phase I and Phase II, respectively. 

Mr. Ronald W. Huber and Mr. Thomas J. Franclemont were responsible for the 

variable stability system (VSS) modification, calibration, and maintenance. 

The Crew Chief for the NT-33A airplane was Mr. Alva R. Schwartz. 

The personnel of the Cleveland Air Route Traffic Control Center were 

quite instrumental in the successful completion of this flight program, 

especially Mr. Eugene Strauch, who handled the daily coordination of an air- 

space block for ACM evaluations. Mr. James Stewart and Mr. John Leacock 

handled the arrangements for the designation of a block of airspace known as 

the "Grant Flying Area," in which radar coverage of the operation was always 

available. 

in 
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The targe airplanes for this program were flown by Maj. Bob Hadfield, 

USAF, and Messrs. 1 rank1 in F. Eckhart and John F. Mitchell of Calspan, 

Finally, :he in-flight refueling evaluations would not have been 

possible without the able assistance of VAQ 308, NAS Alameda, California, which 

provided the KA-3 ranker aircraft. Lt. Richard Redd, USNR, RTU-208; 

Lt. Douglas Lashle;-, USNR, RTU-208; LCDR Philips Middleton, USNR, VAQ-208 and 

Mr. Gerald D. Davi;, VAQ-308, all of NAS Alameda, were members of the tanker 

crews. Mr. Alan B Adler made the arrangements with VAQ-308 for the tanker 

operations. 

Computer programming and processing assistance was provided by 

Mr. Clarence L. Me;iah for identification and data reduction for the Phase II 

data. Mr. Floreal R. Prieto was technical editor. The Calspan Program Manager 

was Mr. G. Warren Hall. 

This report was submitted by the authors in January 1974. 

This repo t has been reviewed and is approved. 

' A^^d-^JC  C-'c o <-■ 'K. 
.B. Westbrook      ^ 

Chief, Control Criteria Branch 
Air Force Flight Dynamics Laboratory 
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Section I 

INTRODUCTION 

In several previous evaluation programs performed in the NT-33A 

variable stability airplane, test configurations were evaluated for the air 

combat Flight Phase by having experienced pilots perform maneuvers typical of 

air combat but without actually flying against a maneuvering target airp]ane. 

The sufficiency of this evaluation technique has been questioned, and part of 

this program was a comparison of evaluation results obtained by flying typical 

maneuvers with results obtained by actually maneuvering against a target air- 

plane and tracking the target airplane in realistic air combat simulation. 

The program was designed to explore the necessity for using this technique 

as opposed to flying a single airplane in maneuvers that are typical of the 

fighter task. 

Some of the previous NT-33A investigations. References 1 and 2 parti- 

cularly, have also addressed the problems of higher-jrder control systems 

which have become increasingly common as complex SAS and CAS have developed. 

Because of differences in the control system requirements (and possibly even 

the variable controlled) during a given mission or Flight Phase, increased 

interest in the possible need for multimode flight control systems has; 

developed (Ref. 3). Hence, the flight task, or subtask, has been recognized 

as a variable in overall system design requirements. 

1. T.P. Neal and R.E. Smith, "An In-Flight Investigation to 
Develop Control System Design Criteria for Fighter Airplanes," 
AFFDL-TR-70-74, June 1970. 

2. D.A. Di Franco, "In-Flight Investigation of the Effects of 
Higher-Order Control System Dynamics on Longitudinal Handling 
Qualities," AFFDL-TR-68-90, July 1968. 

ö.  R.P. Quinlivan, "Multimode Flight Control Definition Study," 
AFFDL-TR-72-55, May 1972. 
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The first phase of the current investigation was a study to determine 

the effect that the evaluation task may have on handling qualities assessments. 

This was accomplished by evaluating selected configurations from the study of 

Reference 1 in the air combat task with "target" aircraft and in the aerial 

refueling task by performing actual in-flight refueling hook-ups. 

The second phase of the current study, an investigation of overall 

systems criteria for the flying qualities of highly augmented aircraft, was 

performed by evaluating four different control augmentation systems over a 

fighter airplane mission profile which included the evaluation of several 

fighter tasks. This portion of the program consisted of the design, mechanization 

and in flight evaluation of four separate flight control system concepts using 

combination^ of normal acceleration, angle of attack and pitch rate feedback 

together with forward loop gain scheduling and signal shaping, bach  of the 

control augmentation systems was designed to provida Level 1 longitudinal 

flying qualities over a complete fighter mission profile including the ground 

attack, air-to-air intercept, air combat maneuvering, and landing approach 

tasks. The flight control system designs were applied to an airplane having 

the longitudinal basic airframe characteristics of an unaugmented, high 

performance fighter aircraft. 

From the above discussion it is evident that several related but 

separate questions should be the objective of the current investigation. For 

this reason the in-flight experiment was conducted in two phases as follows: 

Phase I  - an investigation to explore the effect that the evaluation 

task may have on handling qualities assessments. In-flight 

evaluations were performed for air combat with and without 

a target airplane and for aerial refueling. 

——-. ^, --,  ■ -.-..--mrMaMai 
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Phase II  - an investigation of overall systems criteria for the 

flying qualities of highly augmented aircraft. 

The entire current investigation, however, was heavily based on 

work previously accomplished in Reference 1. Phase I involved the re-evaluation 

of selected configurations from Reference 1.  In Phase II, the criteria for 

the pitch response characteristics used for flight control system design were 

developed from work reported in Reference 1 as well as from the requirements 

of MIL-F-8785B. 

This report presents a detailed description of both Phase I and 

Phase II of the experiment and the results obtained.  Beginning with 

Section III, the two phases of the overall experiment are described and 

reported separately. 

-■-'■- --- ■;■' <■■--*-'—    ■ -—-niüüiirriiMi jüMMMii 
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Section II 

BACKGROUND 

2.1     REVIEW OF THE EXPERIMENT DESIGN OF REFERENCE 1 

Since the configurations for Phase I of the current study were 

selected directly from those presented in Reference 1, it is necessary to 

review rather thoroughly the experimental design presented in Reference 1. 

The purpose of the referenced study was to provide data on the effects 

of flight control system (FCS) dynamics on fighter airplane flying qualities 

in the combat task and to develop a preliminary set of criteria for the design 

of flight control systems. Since a previous in-flight experiment, Reference 2, 

had studied the effects of FCS transfer functions of second to fifth order, 

the study of Reference 1 was devoted to the effects of first-order FCS poles 

and zeroes. 

Eight basic short-period configurations were selected to span fairly 

wide ranges relative to the requirements of MIL-F-8785B.  Six additional short- 

period configurations were selected which had rather extreme values of ?».- and 

Vjp   to compare with the short-period requirements of MIL-F-8785B, where the 

data supporting the requirements was sparse. Five of the basic short period 

and three of the additional configurations were flown at an indicated speed 

of 250 knots (>?/«.= 18.5 g/rad). The remaining three basic configurations and 

three additional configurations were flown at 350 knot::-. («/«.= 50 g/rad). 

All eight basic configurations were evaluated with various first- 

order leads and lags. Figure 1, which was reproduced from Reference 1, repre- 

sents the pitch attitude response to stick force inputs for these basic 

configurations.  Figure 1 also indicates that a second-order FCS pole was 

included, with its natural frequency fixed at 63 rad/sec for most of the 

experiment. 

■--"-■-"-"-^ ^■:- 
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Figure 2      COMPARISON OF EIGHT BASIC SHORT-PERIOD CONFIGURATIONS AND SIX 
ADDITIONAL SHORT-PERIOD CONFIGURATIONS WITH MIL-FB785B 
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The eight basic and six additional short-period configurations are 

compared to MIL-F-8785B short-period requirements on Figure 2. The six addi- 

tional configurations are identified as configurations 9 through 14. The 

eight basic short period configurations evaluated in the study of Reference 1, 

and the FCS configurations obtained through the addition of first-order leads 

and lags to these short-period configurations, are identified in Figure 3, 

also reproduced from Reference 1. 

The significance of the parameters ^r , -yr  and u)t can be seen by 

reference to the block diagram, Figure 1. The values of X,       and T.  simulated 

in the study of Reference 1 were chosen to span the range of values found to 

be typical in FCS designs. 

The six additional configurations, 9 through 14, were mechanized 

differently from the configurations shown in Figure 3; i.e., stick position 

commands were used instead of force commands. Also, these configurations 

did not include any first-order lead or lag.  Figure 4 is a block diagram 

reproduced from Reference 1, which shows the pitch-attitude dynamics for the 

six additional configurations. Appendix IV of Reference 1 presents a detailed 

discussion of airplane longitudinal transfer functions and equations of motion. 

The relationships will not, therefore, be repeated here. Also, Appendix V of 

Reference 1 explains how the simulated configurations were mechanized in 

the variable stability NT-33A and how the longitudinal characteristics 

described above were measured. 

2.1.1 Pilot Comment Data From Reference 1 

Evaluations of the configurations shown in Figure 3 and the six 

additional configurations were conducted by having the evaluation pilots per- 

form maneuvers representative of those tasks anticipated in the fighter mission, 

Thfl evaluation maneuvers included gross maneuvering tasks and precision track- 

ing tasks, but without a target airplane. Pilot comments and ratings 

,-.... ..»_j——..n-—.- h-"—-^"J- ■■"•'   .^■.■^■.-^■.J-', ...,-.. ..^t ,<■. . ni i mrMMitiiiiiirtir iMiliri   [f—-"' - 



iPfOBE 
.•,m*w.mwwi!.<wmi<'<-*-j.  mi<i  i..^ P^..--.-■ n     .*•.- w^TC^n^impiimiiuaiuBWH [   mpg^pwy -»i'-'.i'ii.'iin'.&ui..,. 

SHORT PERIOD 
CHARACTERISTICS 

CONTROL 
SYSTEM 

CHARACTERISTICS 

n/ot. " 

f/r,z 

18.5 g/RAD 
• 250 KT 

= 1.25 SEC ■1 

v/oc ' 

/ind 

'50 g/RAD 
-350KT 
• 2.4 SEC" 1 

^SP^SP ^SP^SP 

vr, Mt2 ^3 2.2/.69 4.9/70 9.7/.63 5.0/.28 5.1/.18 3.4/.67 7.3/73 16.5/.69 

0.5 2 63 1A 

0.8 3.3 6A 

2 5 IB 2A 

3.3 8 6B 7A 

5 12 2C 

8 19 y r 7B 

oo oo 75 ID 2D 3A 4A 5A 6C 7C 8A 

19 63 7D 8B       j 

12 2E 38 4B 5B 

8 6D 7E 8C 

5 IE 2F 3C 4C 5C 

3.3 6E 7F 8D 

2 IF 2H 3D 4D 5D 7G 

0.8 6F 7H 8E 
] 1 0.5 } f IG 2J 3E 4E 5E 

2 5 16 IC 2B 

oo 5 2G 

\ ' 2 
— 

r 21 

NOTE:        (1)     Numbers/Letters Indicate Configurations Simulated 

(2)        ^3     =.75 for    co5   =63.   16;    ^3   =.67 for   ^5 =75 

Figure 3      BASIC FCS/SHORT-PERIOD CONFIGURATIONS SIMULATED IN 
AFFDL-TR-70-74 (REF. 1) 
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Figure 4  BLOCK DIAGRAM FOR THE SIX ADDITIONAL CONFIGURATIONS 

were recorded for analysis. During each evaluation, the pilot was allowed 

to select the elevator to control input gearing, thereby selecting the stick 

force per unit normal acceleration, A A; . The selected values of fj/?? were 

recorded as part of the data obtained. 

The pilot comments indicated that the primary concern of the pilot 

was his ability to quickly change pitch attitude in acquiring a target and 

precisely controlling pitch during tracking maneuvers. Normal acceleration 

control was certainly of concern to the pilot but this response was used more 

in the sense of a measure of maneuver magnitude and as the maneuver limiting 

factor. The pilots evaluated the total system. They were not aware of the 

individual elements in the combination of control system and short period 

being simulated in the evaluation of any given configuration. A summary of 

the pilot rating and f /r? results obtained is presented in Section IV of this 

report so that the results of the current study can be directly compared to 

those previously obtained. When making such a comparison, however, the 

reader must remember that the pilot comment data is no less important than the 

pilot rating data. Refer to Appendix I of Reference 1 for pilot comment 

summaries obtained from the referenced study, Bode plots, and time histories 

for each configuration. 
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2.1.2   Pilot-In-The-Loop Analysis 

The major result from Neal and Smith's work was the development of 

control system design criterion. An extension of this criterion has been 

proposed. Reference 4, as a revision for the pitch dynamic requirements of 

MIL-F-8785B. The basic criteria discussed in Reference 1 involved a closed- 

loop analysis of the pilot-airplane combination. A simplified procedure, based 

on measurements made from the airplane response alone, was also developed. 

Reference 4 thoroughly reviews the design criteria and suggested modifications 

\  to the simplified criterion for the pitch dynamic response requirements of 

MIL-F-8785B. Briefly, closed-loop performance standards were established for 

pitch attitude control. The Nichols chart was then used to convert the open- 

loop characteristics to closed loop by overlaying a plot of the open-loop ampli- 

tude versus phase on the Nichols chart. Adjustment could then be made to 

pilot gain and pilot compensation to meet the performance standards. Since 

the design criterion was stated in terms of the frequency response character- 

istics of the airplane plus control system, rather than in terms of the conven- 

tional aircraft modal characteristics, the criterion is applicable to basic 

aircraft as well as to highly augmented aircraft. The data for each configu- 

ration evaluated was analyzed using the pilot-in-the-loop analysis techniques 

developed, and the resulting parameters were correlated with the pilot comment 

data. 

2.2     PURPOSE OF THE CURRENT STUDY 

Considerable data have been collected and analyzed to determine the 

effects of basic airplane dynamics and airplane plus FCS dynamics on the 

precision tracking and air combat maneuvering tasks. Most of this work, 

however, has been accomplished by having experienced pilots perform maneuvers 

4. C.R. Chalk, et al., "Revisions to MIL-F-8785B(ASG) proposed by Cornell 
Aeronautical Laboratory, Inc. under Contract F33615-71-C-1254," 
AFFDL-TR-72-41, April 1973. 
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that were typical of the air combat Flight Phase, but without a target 

airplane to acquire and track. 

Since the sufficiency of this technique has been questioned, it 

was necessary to obtain data by actually maneuvering against a target airplane 

and tracking the target airplane, so that the results could be compared with 

those obtained by performing typical maneuvers. Also, the flight task, or 

subtask, has been recognized as a variable in overall system design requirements, 

Of course, the importance of the task, the precise definition of the task and 

its relation to the overall mission requirements, has long been recognized as 

a parameter in handling qualities assessments. Evaluation task considerations 

have been thoroughly outlined in Reference 5. There has been little attention, 

however, toward investigations where the evaluation task was one of the study 

variables. 

The purpose of Phase I of the current study, therefore, was to deter- 

mine the effect that the evaluation task may have on the handling qualities 

assessments. To obtain data to investigate the effect of the evaluation task, 

selected configurations from the study of Reference 1 were re-evaluated in a 

mock air combat maneuvering task using a target aircraft to maneuver against 

and track. Selected configurations were also evaluated in the aerial refueling 

task so that the effect of this evaluation task could also be investigated. 

The purpose of Phase II was to investigate the overall system criteria 

for the flying qualities of highly augmented aircraft. This included the 

development of design criteria for the overall system that would be applicable 

to a fighter mission profile with several typical fighter tasks. Mechaniza- 

tion and evaluation of control systems meeting the design criteria was a major 

goal of this phase of the investigation. The data obtained could then be used 

to verify and further validate the applicable proposed requirements in 

Reference 4. There was some overlap in the two phases of the program; i.e., 

both phases involved the evaluation of configurations in which higher order 

control system concepts were applied. 

5. G.E. Cooper and R.P. Harper, Jr., "The Use of Pilot Rating in the Evalua- 
tion of Aircraft Handling Qualities," NASA TN-D-5153, April 1969. 

10 

fil    I     ■     I ■ II.    "r-' --.■-.:—....--:-—>..>.-....-^-^. - MMaaaai ■MMaHniM ^^^^^ammmm* 



^^^^^■WW 11,1.i i       11.,  nujiM mnvti.Mxm.numm uLijupijii ■■HI..I,I.II M,...    !   u.mm.iM,,,^ ,i,m9Anmn.yw.«mmt n.i -—  .    "■'■ W.^j:Jl>H>P.iii»T*^r^yT-TW1«i^ 

Section III 

DESCRIPTION OF PHASE I EXPERIMENT 

3.1     TEST PROGRAM 

Basically two evaluation tasks were performed in this experiment: 

1. Air combat maneuvering (ACM) and tracking, 

2. Aerial refueling in which actual hook-ups were performed 

using a probe and drogue system. 

The ACM and tracking task was, however, evaluated using two techniques. One 

technique was the actual acquisition and tracking of a target airplane in a 

mock ACM situation and the second was the same procedure used in the study of 

Reference 1; i.e., the performance of maneuvers typical of the air combat task 

and a programmed pitch attitude tracking task using a cockpit instrument dis- 

play. 

3.1.1   Configurations Evaluated 

The evaluation configurations for all the above tasks were selected 

from the configurations shown in Figures 2 and 3. All these configurations 

had been previously evaluated during the study of Reference 1. Every effort 

was made to duplicate the previously evaluated characteristics for each con- 

figuration. Small differences were noted in the short period frequency, 

^sp, and damping ratio, %sp,  in the current program as opposed to the refer- 

enced study. Figure 5 shows the configurations evaluated in the current study 

and the actual short-period and PCS characteristics obtained. The letters, T, 

N and A in the blocks of Figure 5 indicate whether the configuration was 

evaluated with a target airplane, indicated by T; without a target airplane, 

indicated by N; or in the aerial refueling task, indicated by A. Figure 5 is 

11 
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SIX ADDITIONAL CONFIGURATIONS: STICK POSITION COMMANDS USED 
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NOTE:  (1) NUMBERS/LETTERS IDENTIFY CONFIGURATION' SIMULATED 
(2) T INDICATES EVALUATED WITH TARGLT AIRCIMFT 

N INDICATES EVALUATED WITHOUT TARGET AIRCRAFT 
A INDICATES EVALUATED IN AERIAL REFUELING TASK 

Figure 5    FCS/SHORT PERIOD CONFIGURATIONS EVALUATED IN CURRENT EXPERIMENT 
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presented in the same format and with the same configuration identification 

nomenclature as Figure 3, so that they can easily be compared. The control 

system characteristics are also the same as those shown in Figure 3. 

In the current study, 30 configurations were evaluated in the 

ACM/tracking task with a target airplane, and 19 configurations were evaluated 

in ACM/tracking without a target airplane. Fourteen configurations were 

evaluated in the aerial refueling task. The configurations were selected to 

span the range of short-period and FCS dynamics evaluated previously.  Because 

of the number of different tasks to be performed, it was not possible in 

this investigation to evaluate all the configurations of Inference 1. The 

original intent was to perform evaluations only in the ACM task with a target 

airplane and compare the results to those obtained in Reference 1. Because 

of small differences obtained in the short-period characteristics in the current 

program as compared to the reference study, it was important to also conduct 

evaluations without a target airplane. The result was that comparisons of 

data with a target airplane can be made to no target data obtained in both 

the current experiment and the data previously obtained. 

The aerial refueling task was accomplished only for selected cases 

with >yo<. x      18.5 g/rad. These configurations were evaluated at an indicated 

airspeed of 250 knots. The n/f*-  ^50 g/rad cases required an indicated air- 

speed of 350 knots which exceeded the KA-3 speed limitations for the refueling 

drogue. 

3.1.2 Evaluation Pilots and Number of Evaluations 

Two evaluation pilots participated in this phase of the program and 

were designated as Pilot A and Pilot B. A summary of their backgrounds is as 

follows: 

13 
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Pilot A: A Calspan research pilot with over 3500 hours of 

diversified flying time including 2400 hours in 

fighter type aircraft. He has extensive experience 

as an evaluation pilot in handling qualities experi- 

ments employing variable stability airplanes. He 

has previously served as evaluation pilot in six in- 

flight investigations of handling qualities of fighter 

aircraft and several investigations of aircraft other 

than fighters. This pilot participated in the 

Reference 1 experiment, and was then designated Pilot W. 

Pilot B: A USAF test pilot with over 4400 hours of flying time 

including 3300 hours in fighter type aircraft. He is 

a graduate of the USAF Aerospace Research Pilot School 

where he also served as a flight and academic instructor 

for four years. His recent experience includes weapon 

and weapon system test experience in fighter aircraft 

and air-to-air F-1S simulator experience against a 

threat aircraft. He also has recent actual fighter 

combat experience. 

Pilot A completed 35 evaluations in the ACM task with a target air- 

plane,of which five were repeat evaluations. He also completed 18 evaluations 

in the ACM task without a target airplane and 24 evaluations in the aerial 

refueling task, of which ten were repeat evaluations. Pilot B completed six 

evaluations in the ACM task with a target airplane and five evaluations 

without a target airplane. It was intended for Pilot B to do a much larger 

share of the evaluations, but scheduling difficulties precluded his further 

participation. 
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The total number of evaluations was 64 in the ACM task and 24 in the 

aerial refueling task. The evaluations were accomplished in 50.1 flying 

hours and 34 flights, of which seven flights were calibration, practice 

evaluation, or demonstration flights. 

3.1.3 Conduct of Evaluations 

Meaningful evaluations can be performed only after a clear under- 

standing of the mission, and the circumstances under which it is to be performed, 

The evaluation pilot must known what he is to perform and what he is required 

to accomplish with the airplane. After the mission has been defined, the 

relationship between the simulation situation, it;; limitatiois, and the real 

mission must be carefully examined and understood. The basic mission in this 

investigation was that of an air superiority fighter with a limit load factor 

of 7. The evaluation maneuvers, both with and without a target airplane, 

were selected as representative of the air-to-air combat flight phase. The 

mission was carefully discussed with the evaluation pilots to ensure that each 

pilot would evaluate the configurations for the same mission requirements. 

Although the overall fighter mission involves many tasks, the airplane 

handling qualities can be evaluated by having the evaluation pilot perform 

representative maneuvers.  In this experiment, the evaluation pilot performed 

the task of acquiring the target airplane in his gun sight and tracking the 

target while closing the range to the target, but in a standardized, closely 

controlled manner.  In the aerial refueling, the actual task was accomplished, 

except that no fuel was transferred. Numerous hook-ups were, however, made 

with the tanker airplane. For the ACM task without a target, the pilot eval- 

uation tasks, with the exception of ground attack, were those published in 

Reference 1. This was done to repeat as nearly as possible the evaluations 

performed in the study of Reference 1, so that the results would be comparable. 

During the first half of the study of Referenc? 1, the evaluation 

pilot was free to select the elevator to control input gearing of his choice. 
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In doing so, the pilot selected the stick force per unit normal acceleration, 

^sJrt.    To select the best gearing for the task, the pilot really had to 

conduct a miniature investigation since the steady stick forces obtained. Pi/>, 

and the initial forces associated with a control input, which affect the 

precision tracking capability, may result in a conflict. During the second 

half of the referenced study, the evaluation pilot also selected the gearing, 

but was limited to a range of approximately 4.5 to 7 Ib/g.  If the pilot 

violated the limit in his selection process, then the limiting value was used. 

The pilot was asked to comment on any problems or compromises associated with 

his gearing selection. 

In the current experiment, each configuration was assigned an elevator 

gearing selected from the data of Reference 1. Because Pilot A of the current 

experiment was Pilot W of the referenced experiment, selection of elevator 

gearing was based on his previous selections. For configurations not previously 

evaluated by Pilot A, a value selected by Pilot M in Reference 1 was used in 

the current experiment.  In a few cases, a given configuration was evaluated 

only once (by Pilot M) in the study of Reference 1, which limited the choice 

of Fsjy, in the current experiment. 

In the current experiment, the evaluation pilot was not prohibited 

from re-selecting the elevator to control input gearing, but he was requested 

not to unless, in his estimation, the gearing was unsatisfactory and a degrad- 

ing factor on the handling qualities of the configuration or the conduct of the 

evaluation. Therefore, the values of Fs/>5 obtained in the current experiment 

are, for the most part, similar to those obtained in the study of Reference 1. 

The values presented in the data and results were measured from the data 

recorded in the current experiment, and differ slightly from the values 

previously reported. The evaluation pilot was asked to comment on the pre- 

selected elevator gearing for each configuration and if he found it necessary 

to change it, to give his reasons. 
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3.1.3.] Evaluations With A Target Airplane 

In the interest of flight safety, the evaluations in which a second 

airplane was involved were conducted in a pre-planned and strictly controlled 

manner. During the early evaluation flights, the target airplane was a USAF 

F-100, but for most of the evaluations, the target airplane was an Air National 

Guard T-33. 

All flights were operated in a specified airspace between specified 

altitudes as designated by the cognizant Air Route Traffic Control Center 

(ARTCC).  Before beginning the evaluations, arrangements for airspace use 

were coordinated with the ARTCC, and during the flights day-to-day and flight- 

to-flight coordination was maintained. The pilot of the target airplane and 

the evaluation and safety pilots of the NT-33A were briefed prior to each flight, 

Standard procedures, including the evaluation maneuvers, were established and 

followed. The target airplane procedures and the evaluation airplane procedures 

were outlined on flight cards for ready in-flight reference. The pilots' flight 

cards for these procedures are presented below: 

TARGET AIRPLANE PROCEDURES 

1. Take off from Niagara Falls Airport and rendezvous with 

NT-33A UHF 257.0. 

2. If no visual contact, proceed to control point (Grant inter- 

section) and hold at 12,000 ft or as instructed by ARTCC. 

3. Join up on NT-33A until NT-33A Evaluation Pilot is ready 

to begin tracking. Then NT-33A will assume a perch 

position. 

4. When being acquired and tracked by NT-33A, perform 

following maneuvers: 

a.  Steep turns, 60° bank angle sustained 

for short time. Then reverse to 60° 

bank turn in opposite direction and 

sustain for 1 minute or more. 
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5. 

6. 

7. 

b. Steep turns as above accompanied by 

altitude changes. 

c. Symmetrical pull-up and pushover. 

d. Repeat "a" (NT-33A disturbance inputs). 

e. Random defensive maneuvers. 

Join up in loose formation on the NT-33A 

Maintain position until second evaluation 

commences. 

When evaluations complete, recover at Niagara 

Falls Airport. 

NT-33A PILOT EVALUATION TASKS AND PROCEDURES 

WITH TARGET AIRPLANE 

Take off from Buffalo International Airport and 

rendezvous with target aircraft UHF 257.0. 

If no visual contact, proceed to control point (Grant 

intersection) and hold at 13,000 ft, or as instructed 

by ARTCC. 

Enroute to control point, or after rendezvous, with 

target aircraft in wing position, perform the following: 

a. Obtain the specified calibration records. 

b. Small maneuvers about level flight, or other 

maneuvers as desired, for configuration 

familiarization. 

c. Check ability to tri;.i and acceptability of elevator 

gearing. 

Assume perch position on target aircraft. Acquire 

tracking position and begin tracking exercise. 
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7. 

8. 

Track target aircraft while he performs prescribed 

maneuvering. 

Track target aircraft with disturbance inputs to 

NT-33A. 

Track target aircraft in random maneuvering. 

Assume lead position, comment, give ratings, and 

prepare for next evaluation or recovery at Buffalo. 

These tasks were performed consecutively for each evaluation. The 

evaluation pilot could make comments at any time on a voice tape recorder. 

3.1.3.2 Evaluations Without A Target Airplane 

As mentioned above, evaluations without a target airplane were per- 

formed as prescribed in Reference 1, except that the brief look at ground 

attack capability was omitted. 

A copy of the pilot flight card outlining the piloting task to 

evaluate each configuration is presented below: 

PILOT EVALUATION TASKS WITHOUT 

TARGET AIRCRAFT 

VFR (Bulk of Evaluation) 

1. Obtain the specified calibration records. 

2. Trimmability - ability to stabilize and trim. 

3. Pitch attitude tracking - ability to rapidly acquire 

and track distant air or ground targets. 

4. Symmetric pull-ups and pushovers - ability to rapidly 

acquire and maintain a given load factor. 
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5. Horizontal maneuvering 

a) roll into 60° bank and maintain altitude - reverse 

b) rapid descending turns (90° bank) - reverse 

6. Disturbance inputs - briefly check above in presence of 

disturbances. 

IFR (Brief look) 

1. Trimmability. 

2. Discrete error tracking task (record 1 minute). 

3. Random noise tracking task (record 1 minute). 

4. Symmetric pull-ups and pushovers - ability to rapidly 

acquire and maintain a given load factor. 

5. Level turns - roll into 60° bank and maintain 

altitude - reverse, 

6. Briefly check above in presence of disturbance 

inputs. 

The evaluation pilot performed these tasks consecutively, making comments 

as he desired on a voice tape recorder. The discrete error and random error 

tracking tasks are discussed in Section 3.2.7, and the random disturbance 

inputs are discussed in Section 3.2.6. 

3.1.3.3 Evaluations in the Aerial Refueling Task 

The in-flight refueling task was accomplished with a U.S. Navy KA-3 

tanker aircraft. Procedures for the refueling were established and followed 

with both airplanes under the control of the cognizant ARTCC. Before each 

evaluation flight, a thorough briefing was conducted with both the tanker and 

the NT-33A crews, and an airspace block was coordinated with the ARTTC. 

The number of hook-ups, or attempted hook-ups, for any given evaluation 

was not specified, and was at the discretion of the evaluation pilot. Essen- 
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tially, standard in-flight refueling procedures were followed, but briefly each 

evaluation progressed as follows: 

1. After rendezvous with the KA-3 the NT-33A, receiver, would 

maintain a trail position, about 1/4 mile, and obtain the 

necessary calibration records. 

2. When cleared by the tanker pilot, the receiver would advance 

to the pre-contact position and stabilize. 

3. The evaluation pilot would perform hook-ups as necessary 

for evaluation. 

4. After completion of the first evaluation, the receiver 

would back off to a 1/4 mile trail position to record 

pilot comments and ratings. 

This procedure was followed until all scheduled evaluations were 

accomplished. Figure 6 shows the NT-33A in a refueling hook-up with the 

KA-3. 

3.1.4  tPilot Comment and Rating Data 

Pilot comments and ratings were the primary data obtained. The pilot 

rating can only be properly interpreted and objections properly assessed if 

good comments are obtained. Pilot comments were encouraged whenever the pilot 

thought it appropriate during the evaluation. For data consistency, it was 

required that the pilot comment on a prescribed listing of items at the 

completion of each evaluation. For the ACM/tracking task with a target airplane 

and for the aerial refueling task, the pilot was asked to make recorded comments 

on the items listed on the following Pilot Comment Card. 
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PILOT COMMENT CARD 
ACM WITH TARGET AND AERIAL REFUELING 

Specific Comments 

1. Ability to trim. 

2. Are stick forces satisfactory? 

3. Is stick motion satisfactory? 

a. Is reselection of elevator gearing necessary? 

Why? 

b. Describe compromises in reselection of 

elevator gearing. 

4. Predictability of airplane response to pilot inputs 

(initial versus final response.) 

5. Pitch attitude control: 

a. During refueling. 

b. Daring ACM. 

6. Tracking capability during ACM. 

7. Normal acceleration control. 

8. Altitude control relative to tanker aircraft. 

9. Longitudinal control in turns. 

a. During refueling. 

b. During ACM. 

10. Effects of turbulence and random disturbance inputs, 

(not applicable to aerial refueling task). 

11. Was lateral-directional control satisfactory? Did it 

detract from the longitudinal evaluation? 
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Summary Comments 

1. Good features. 

2. Objectionable features. 

3. Special piloting techniques. 

4. Pilot rating and PIO rating based on mission task. 

5. Give primary reasons for ratings. 

Several items on the card ask for comments for both ACM and refueling but any 

given evaluation applied only to one task or the other. Therefore, the pilot 

was requested to use the pilot comment card as it pertained to the particular 

evaluation and respond only to the applicable items. 

For the ACM/tracking task without a target aircraft, the pilot comment 

card used in the study of Reference 1 was used in this experiment. The listing 

of items on the pilot comment card is reproduced below. 

PILOT COMMENT CARD 
WITHOUT A TARGET AIRCRAFT 

Specific Comments 

1. Abili ty to trim. 

2. Stick forces O.K.? 

a.  Any second thoughts on gearing selection? 

3. Stick motions O.K.? 

4. Predictability of airplane response to pilot inputs 

(initial vs. final response). 

5. Pitch attitude control and tracking capability. 

6. Normal acceleration control. 

7. Longitudinal control in steep turns. 

8. Effects of random disturbance inputs. 
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9. Any IFR problems which didn't show up VFR? 

10. Lateral-directional control satisfactory? 

Did it detract from longitudinal evaluation? 

Summary Comments 

1. Good features. 

2. Objectionable features. 

3. Special piloting techniques. 

4. Pilot rating and PIO rating. 

a. Record decision-making process 

b. Identify deficiency(ies) which most influenced 

each ratings. 

At the end of each evaluation and after recording the appropriate 

comments, an overall pilot rating was assigned by the pilot to each config- 

uration in accordance with the Cooper-Harper rating scale which is established 

and described in Reference 5 and shown in Figure 7. The pilot rating assigned 

by the evaluation pilot to each configuration included the effects that random 

noise disturbances and/or natural turbulence may have had on the overall 

handling qualities. The effect resulting from any tendencies toward pilot- 

induced oscillations (PIO) was also included in the overall pilot rating. 

As shown by the pilot comment cards, the pilot was also asked to 

assign a PIO tendency rating to each configuration. This rating was based on 

the six point scale established in Reference 2 and shown on Figure 8. The 

PIO rating indicates the tendency of the airplane to oscillate during per- 

formance of the task maneuvers. The scale spans the complete range from 

"no tendency to induce undesirable motions" to divergent oscillations. As 

in the study of Reference 1, the PIO data from this experiment show strong 

correlation with the pilot rating data. 
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Figure 7    COOPER-HARPER HANDLING QUALITIES RATING SCALE 

DESCRIPTION 

NUMERICAL 

RATING 

NO TENDENCY FOR PILOT TO INDUCE UNDESIRABLE 
MOTIONS 

UNDESIRABLE MOTIONS TEND TO OCCUR WHEN 
PILOT INITIATES ABRUPT MANEUVERS OR ATTEMPTS 
TIGHT CONTROL. THESE MOTIONS CAN BE PREVENTED 
OR ELIMINATED BY PILOT TECHNIQUE. 

UNDESIRABLE MOTIONS EASILY INDUCED WHEN PILOT 
INITIATES ABRUPT MANEUVERS OR ATTEMPTS TIGHT 
CONTROL,   THESE MOTIONS CAN BE PREVENTED OR 
ELIMINATED BUT ONLY AT SACRIFICE TO TASK PER- 
FORMANCE OR THROUGH CONSIDERABLE PILOT 
ATTENTION AND EFFORT. 

OSCILLATIONS TEND TO DEVELOP WHEN PILOT INITIATES 
ABRUPT MANEUVERS OR ATTEMPTS TIGHT CONTROL . 
PILOT MUST REDUCE GAIN OR ABANDON TASK TO 
RECOVER. 

DIVERGENT OSCILLATIONS TEND TO DEVELOP WHEN 
PILOT INITIATES ABRUPT MANEUVERS OR ATTEMPTS 
TIGHT CONTROL PILOTMUST OPEN LOOP BY RELEASING 
OR FREEZING THE STICK. 

DISTURBANCE OR NORMAL PILOT CONTROL MAY 
CAUSE DIVERGENT OSCILLATION. PILOT MUST OPEN 
CONTROL LOOP BY RELEASING OR FREEZING THE 
STICK. 

Figure 8    PIO TENDENCY RATING SCALE 

26 

niiir-1—'imni 1 liiiiiiirtM 1      -   ■  - ■ -■■■'-^•' —■—- 



mmmm p. ini.ij  pug  in. <i.i   i| pH   |Vi-.HIil.»^ 

Except for the aerial refueling evaluations, the alphabetical turbu- 

lence effect rating assigned was solely an assessment of the effects on the 

handling qualities of random noise disturbances "injected" through the NT-33A 

variable stability system or the effects of any natural turbulence encountered. 

These ratings were established in accordance with the turbulence effect rating 

scale shown in Figure 9. ihe random disturbance inputs to the NT-33A variable 

stability system were not used during the aerial refueling evaluations. 

Normally both the tanker and the receiver aircraft, flying in rather close 

formation, would be subjected to essentially the same turbulence field. Since 

random disturbances could not be input to the tanker aircraft, the use of 

disturbances to the NT-33A would result in an unrealistic simulation situation 

in which only the receiver would be subjected to a "turbulence field" while 

the tanker continued to operate in smooth air. The impression derived from 

such a situation and the resulting turbulence effect rating, or for that 

matter the overall pilot rating, would likely not reflect adequately the 

effects of turbulence on the refueling task. 

INCREASE OF PILOT DETERIORATION OF TASK RATING 
EFFORT WITH PERFORMANCE WITH 
TURBULENCE TURBULENCE 

NO SIGNIFICANT NO SIGNIFICANT 
INCREASE DETERIORATION A 

NO SIGNIFICANT 
DETERIORATION B 

MORE EFFORT 
REQUIRED 

MINOR 

MODERATE 

C 

D 

MODERATE € 

BEST EFFORTS 
REQUIRED 

MAJOR (BUT EVALUATION 
TASKS CAN STILL BE 
ACCOMPLISHED) F 

LARGE (SOME TASKS 
CANNOT BE PERFORMED) 0 

UNABLE TO PERI ■ORM TASKS H 

i 
Figure 9 TURBULENCE EFFECT RATING SCALE 
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3.1.5   Data Acquisition 

During the evaluations in ACM/tracking with a target airplane, motion 

pictures of the tracking portion of the task were taken through the NT-33A 

fixed reticle gun sight. Oscillograph and digital tape recordings were made 

simultaneously with the motion pictures; aircraft state variables and pilot 

control inputs were recorded. During the ACM/tracking evaluations without a 

target airplane, the evaluation pilot performed both discrete and random error 

tracking tasks during which pilot inputs, aircraft state variables, and 

tracking errors were recorded. Motion pictures and the recordings noted 

above were also obtained during the aerial refueling task evaluations. Pilot 

comments and ratings were recorded in flight, immediately following each 

evaluation, on a voice tape recorder for later transcription. As a backup, 

the safety pilot manually recorded the pilot ratings on the flight card 

which provided the variable stability gain settings for each configuration. 

3.2 EQUIPMENT 

Evaluations were conducted in the USAF three-axis variable stability 

NT-33A airplane. Figure 10, modified and operated by Calspan for the AFFDL, 

Air Force Systems Command. A complete description of the NT-33A airplane is 

contained in Reference 6. 

In the NT-33A variable stability airplane, the system operator (who 

was also the safety pilot in the rear cockpit) altered the handling qualities 

about all three axes by varying the settings of the response-feedback gain 

controls. The evaluation pilot in the forward cockpit was unaware of the 

control surface motions resulting from the variable stability system signals 

since his controls moved only as a result of his own inputs. The front cockpit 

was equipped with a stick controller, which is representative of fighter 

airplanes. The instrument layout of the evaluation cockpit is shown in 

Figure 11. 

6. G.W. Hall and R.W. Huber, "System Description and Performance Data for 

the USAF/CAL Variable Stability T-33 Airplane," AFFDL-TR-70-71, 

28 
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Figure 10    USAF/CALSPAN VARIABLE STABILITY NT-33A 

Figure 11     EVALUATION COCKPIT IN VARIABLE STABILITY NT-33A 
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3.2.1 Gun Sight and Camera 

For evaluations in the ACM/tracking task with a target airplane, the 

NT-33A was fitted with a gun sight and a gun-sight-mounted camera, both 

shown in Figure 12. The gun sight was the Northrop Corporation noncompensated, 

depressible sight used in the A-37. The camera adapter for through-lhe- 

reticle viewing to record pipper excursions on the target was provided by the 

Flight Dynamics Laboratory. Motion pictures were taken through the gun sight 

at speeds of either four frames per second or 25 frames per second.   The 

camera was mechanized to start operating automatically when the NT-33A digital 

tape recorder was turned on. Pipper tracking error may be determined from 

the motion pictures obtained. The camera was also used during the aerial 

refueling task to provide at least a qualitative assessment of the pilot's 

ease or difficulty in effecting an aerial refueling hook-up. 

3.2.2 Refueling Probe 

To perform actual refueling hook-ups, the NT-33A was fitted with a 

refueling probe from an F-100. The probe was reconfigured to be adapted to 

the NT-33A, as shown in Figure 13. The refueling probe was plugged at the 

lower end prohibiting any transfer of fuel during the evaluations. There 

were no modifications or alterations to the aircraft fuel system. 

3.2.3 Feel System Characteristics 

The feel system characteristics were held constant for all configura- 

tions evaluated in this experiment. The dynamics for the elevator stick feel 

system were as follows: 

6Jfs    =31 rad/sec 

^>5 = 1.0 

The elevator stick static force gradient was 22 lb/in. The elevator to control 

inpu;. gearing ratio was discussed in Section 3.1.3. 
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Figure 12    GUN SIGHT AND GUN-SIGHT MOUNTED CAMERA 
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The aileron and rudder feel systems had the following frequency and 

damping ratio: 

^/■^  = 25 rad/sec 

The aileron and rudder static force gradients were maintained at the following 

values: 

W^s= 4 lb/in- 

w* «p 150 lb/in. 

The feel system force gradient in all three axes was linear. 

7.2.4       Phugoid Characteristics 

In this experiment, no attempt was male to control the phugoid charac- 

teristics; therefore, they were essentially those of the NT-33A airplane as 

shown below: 

IAS 

250 

350 

n/x fg/rad) 

ä 18.5 

si 50.0 

Tp Csec) 

^ 70 

» 100 

Ä 0.10 

S 0.15 

3.2.5 Lateral-Directional Characteristics 

The lateral-directional characteristics used in this experiment were 

essentially those used in the .■?'vdy of Reference 1. In that study a "good" 

set of lateral-directional cha  ^eristics was selected for each flight con- 

dition. These characteristics were held fixed throughout the program, except 

for the variations due to changes in moments of inertia as fuel was consumed. 
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The approximate lateral-directional characteristics obtained from 

measurements of flight records are shown below: 

V.   . = 250 kt 
ind Vind =  350 kt 

nla.   ~  18.5 g/rad y\\oi  = 50 g/rad 

us^z oJ x,  2.2 rad/sec 4^,» ^ » 4.5 rad/sec 

^* *>*   0.20 ^«^^0.30 

^4 ^   ^   0.5 ^ ^ ^0.5 

tR   =«0.3 sec f^  ^0.2 sec 

rs   «  75 sec tb   * 75  sec 

3.2.6   Random Disturbance Inputs 

In a fighter aircraft task, the turbulence encountered has a bearing 

on the ability of the pilot-airplane system to accomplish the mission. The 

NT-33A does not have the capability to vary the lift response to gust-induced 

angle-of-attack changes; therefore, the independent heaving motion normally 

associated with vertical gusts cannot be simulated. The lateral-directional 

responses to gust can be more realistically simulated since they primarily 

affect the angular accelerations of the airplane. Though not an exact simu- 

lation of turbulence, random noise sources were used to provide disturbances 

to the airplane dtring the evaluations by driving the NT-33A control surface 

actuators with filtered random Gaussian white noise signals. 

Sinre the configurations evaluated in this experiment were the same 

as those evaluated in the study of Reference 1, the same random noise input 

gains were used to the NT-33A control surface actuators. The rationale for 

the selection of the level of the random noise signals is given in Reference 1. 

Although the level of the random noise was that used in the previous study, 

the character of the random inputs was changed somewhat. After the study of 

Reference 1 was performed, the random noise input circuits were modified. In 
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the current study, four independent random noise sources were used in the 

system. Three of the noise generators provided uncorrelated signals to the 

ailerons, rudder and elevator servo actuators. Signals from a fourth noise 

source were passed through a level sensing circuit which switched out all 

noise signals to the surface actuators when the signal dropped below a pre- 

determined level.  In this way it was possible to simulate the "patchiness" of 

real turbulence. 

The evaluation pilots were made aware that the airplane's response 

to the random noise inputs was only an approximation to the response to real 

turbulence. 

3.2.7   The IFR PxOgrammed Tracking Tasks 

Two pitch attitude tracking tasks, discrete and random, were included 

in the IFR portion of the evaluations without a target airplane to aid the 

pilot in his evaluation. These tasks were included in the current study to 

duplicate, as nearly as possible, the evaluations performed in the study of 

Reference 1. These tasks were representative, in pitch attitude tracking, of 

the air-to-air intercept tracking task, where radar steering information is 

normally displayed to the pilot.  In this experiment, the center instrument 

shown in Figure 11 (a Lear remote attitude director indicator), wa^ programmed 

so that the horizontal command bar displayed pitch attitude command tracking 

error during the tracking tasks - that is, the error between the commanded 

pitch attitude and the airplane pitch attitude. When the airplane pitch 

attitude matched the commanded pitch attitude, the command bar was centered. 

A complete cycle of the discrete error pitch attitude command signal 

is shown in Figure 14. The repetition period was long enough, for the brief 

pitch attitude tracking task, to prevent the pilot from anticipating the 

direction, magnitude, or rapidity of the commands. A commanded pitch attitude 

of _+ 5 degrees represented full scale (+ 1 inch) deflection of the horizontal 

command needle. The evaluation pilot's task of minimizing the error required 

rapid and precise changes in pitch attitude. After a brief practice period for 
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the pilot to investigate techniques for tracking, a short recording of his 

tracking performance was made. 
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Figure 14 DISCRETE ERROR TRACKING TASK 

The random error pitch attitude tracking task was implemented by dis- 

playing the error between the actual pitch attitude and the pitch attitude 

commanded by a filtered random noise signal. A sample of the random pitch 

attitude commands is shown in Figure 15. 

This task required the pilot to continuously maneuver the airplane 

to minimize the error. Short records of this task were also made after the 

pilot had practiced the task for a brief period. 

0  10 
START 

20   30 40   50  60 
TIME, sec 

70  80 90 100 
END 

Figure 15     RANDOM ERROR PITCH ATTITUDE COMMAND SIGNAL 
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Section IV 

RESULTS OF PHASE I EXPERIMENT 

The purpose of the Phase I experiment was to provide data from which 

to determine the effect of the evaluation technique and the effect of the 

evaluation task on the handling qualities assessment. The evaluation technique 

was investigated by re-evaluating selected configurations of Reference 1 in 

a mock ACM/tracking situation with a "target airplane," Some of the configura- 

tions of Reference 1 were also re-evaluated using the technique that was used 

previously, that is, without a target airplane. The effect of the evaluation 

task was investigated by evaluating selected configurations from the study of 

Reference 1 in the aerial refueling task. 

Because of the different "tasks" and "techniques" used in the present 

experiment, the current results can be compared for evaluations with and with- 

out a target airplane in the ACM/tracking task. Also, the results of the aerial 

refueling evaluations can be compared with the results of the ACM/tracking 

evaluations. Of course, all the results of the present experiment can be com- 

pared to those obtained in the study of Reference 1. To facilitate the latter 

comparison, a summary of the Reference 1 pilot rating results is presented. 

4.1     SUMMARY OF PILOT RATING RESULTS FROM AFFDL-TR-70-74 (REF. 1) 

The data from the study of Reference 1, including pilot rating, PIO 

rating, and pilot selected F /n are shown in Tables I and II for the two 

pilots who participated in that investigation. For a more complete review rf 

the pilot rating data and the associated pilot comments, the reader is referred 

to the referenced study. The data reproduced from Reference 1 provide the 

reader with a readily available set of data from the reference study to which 

the results of the present experiment can be compared. 
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Table I 
SUMMARY OF EXPERIMENTAL RESULTS 

FROM AFFDL TR-70 74 (PILOT M) 

NUMBERS   IN BLOCKS REFER  TO THE  FOLLOWING: CONFIGURATION  NO. 

FLIGHT NO./PR/PIOR/-^ 

.... _.. SHOSI   PHIOD   fH««»tIi«ISI ICS 

COHtROi 

S'i'tM 
.«»««i-in-siis 

n/o            18.t   g/r« 

I'.-,         I.!5  .e. "' 

>,              «80   M/sr. 

n/u          50 g/'id 

,/r,2     2...«-' 

»I             675   ll/le. 

- SP-'-'s^ • Sf'% 

i.';, 1 I-.'J    •. 1 «i                                    ».9/o,'o 9.7/0.63                    5.0/0.2« 5.1/0.18 3.H/0.6' 7.3/0.73 16.6/0.69 

5.5 2      j   6?   f0.75 
1 

!   1 
i. 

10.2*  /    /l,.. 

1 3f '  f '. , i ■'" . j 
!071/»'l.5/;.2 

IM 
1033/5/2:8.9 

 — 
0.6 J.S         '              ' 

.1 

•«'U.5/3/i.9 
»—     -          -4 

: 1 
1   .  .       ■■ "■ . i 

j 
-TT1 

68 

101(7/2.5/1.5/2.8 

1076/1/1/5.14 

7/. 

IO«6/5/2/J.7 

1076/1/2/6  2 

j  I l0»«/3/ 1   './14.6 . 
I iä 

1 t 
I IT 

1 7« 

lOH/j/'.5/3.1 

- !  - 
j          ; 

'5 0.6'       'ID 

j 'Ou-/».')/:/».» 

2D 

I021/3/2/S.9 

10x5/2.i/t/».? 

3»                               1 
102) V 1 / 1 0. 8 
:0i^'«/1.5/5.U 

»1 

'032/5.5/2.5/8.7 

5. 

I026/7/3/IO.O 

6C 

'026/1/2.5/6.5 

'C 

1022/3/2/6.6 

1063/3/2/3.9 
1028'5/2.5'6.3 

1    19 
1 

63 o.n 
. .. 

r     i .. _. 
70 

IO«6i5.5/3/3.0 

88 

1015/3.6/1,5/3.3 

13 

,10^/1/1/3,8 

3« 

10»«/i..5/2/1.3 

11 58 

|         :    a 
_     _ 

60 
1039/5.5'2.5/14.9 

7£ 

1050/6/3/6.1 

ac 
1036/3.6/2'5.7 1 h     ' r     TTT 

mmi .'.'.'9.0 
21 

103»/ V ■!'!.<, 

3C 

i035'i4/2/,.2 
KC 
1047/8.5/14/3.9 

H 
1039/9/5/7. 3 

i.3    | 

i     1     i 
1 

imiO /5.6/2.5/J.2 

107   ■!."5/5.7 

7f 

1032/3/2/6.6 

1057/1/2/1.5 
1066/1/2/».9 

80 
1068/2/1/5.5 

| i0"'/8/»/i.       'lonmi.'.it.i 
l04Q/€/2,6/V.9 

30 

1058/14/2/5   1 
»0 
10140/8/3.5/3.9 

1057/9/5/5.9 

5D 
1033/1.6/«/11.0 
1067/9/5/5.1. 

70 
1061/6/2/1.9 

1" 6'     . 
i03o /6/2.s/7.a 
1070/e/»/6.7 

H 11 
1063/2.5/1/1.6 
1070/3/1/1.6 r-^7 t           1 10 

lOJOil.W«.5/6.0 

2j 

1063/6/2/5.■> 
3E 

l063/»/l.i/il.l 1052/7.ih/3.9 _ 

6E 

l030/8/»/6.3 

5 It 0.M K 

IOM*/2/l/».0 
iCSU/6'!.5'?.? 
1066/3.V  .'/S.O 

21 

laasli.s/n/s.« 
i05il/6'2.V6.0 

1066/6/3/6.6 

~ I   *   i 2G 

l053/'/3/5.5 

LLZI • 1 21 
1036/8/».i/«.6 

SII   tODITlODlL  COIIF IGUDtllONS:     SI IC>   'OS I I 10« COHMMOS USED   (SitSECTlOII   2.1    \ 

r/'.j iir, "3      ^ - 5p'<S> ^SP"SP 

ac „ 76    0.6/ 2.J/I.7 2.3/1.2 j.3/1.1 10'0.16 13/0.3» 15.6/0.23 

i 

t t t 

9 
I07Ü/6'J,,9./ 

10 

1075/1/1. 

— — 
5/8.2 

1 1 

1066/3/1/7.8 

12 
1052/5/2.5/1.9 

1071/6/2.6/».« 

13 
1053/7/3/6.0 
1066/6.5/2,6/8.1 

11 

1052/1.5/2/6.« 
1051/6/3/5.« 

•THESE RATINGS NOT USED IN DATA ANALYSIS (SEE DISCUSSION IN APPENDIX IGF REF. 1) 
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Table H 
SUMMARY OF EXPERIMENTAL RESULTS 

FROM AFFDL-TR-70-74 (PILOT W) 

NUMBERS IN BLOCKS REFER TO THE FOLLOWING: CONFIGURATION NO. 
Fc 

FLIGHT NO./PR/PIOR/ — 
n 

SHOUT PCIIOO CHUUTEIISTICS                                                                                                          | 

cnit>oi 

CHtltCIEDlSUCS 

n/a          ie.S th,i 

i/r,     I.M .«"' 
»,       = »10 Itlitc 

1 

V 

/"     :  40 thu 

; »75 ft/,« 

"»lfSf 'J»lf» 

"i "': '3 'i 1.1I0.H ».9/0.70 9.7/0.61       [j         5.0/0.2« 5.I/O.II 3.»/0.67 7.3/0.73 16.5/0.69 

o.s i (3 O.H 1«   , 
I0«3 /2/I/6.0 
I07J/4/2/7.? 

o.a 3.1 61 
l03«/6/3/3.5 

i 5 

j 

II 
l07«/3/I.S/6.5 

M 
IOSI/«/2/».l 

61 
l07»/«/l.5/5.» 

1.3 I 1 7« 
107«/2/l/«.7 

1 
i! 

1 
2C 

« 19 ♦ t 76 

■ * '5 0.67 10 

lOW/l/i '1.2 
l067/«/2/6.0 

20 

1031/2.5/1 /i.9 

31 

l02»/»/l/ll.5 
1072/»/!.5/5.7 

»1 

IO»1/5/2/5.3 

56 

1029/5/1.5/6.3 
1061/6/3/5.5 

6C 

l029l,/2.5/l/3.9 
1072/5/2/5.» 

7C 

l027/»/l/3.2 
1012/1.5/1/».7 

li 

IO«l/«/l/«.0 

■ 9 ei 0.7, 70    .   . 61       

12 2( 36                                 »1 
l062/7/»/5.6 

51 
i062/7/«/7.I 

• 60 71 
1056/5/2/3.5 

•C 
1051/3/1/1.9 

% I IE 21 3C                                 »C 
1056/3/1/5. 1 

5C 
l056/7/«/7.3 

3.3 

1 

«1 
l073/7/«/5.» 

71 
l02»/7/-/5.0 
IO»3/7/3.5/3.2 
l06«/7/«/«.7 

ID 
l06»/»/2/«.t 

2 IF 
103«/l/H/(.0 

2H 
l027/i.i/2/5.7 

30 
1059/»' i/5.» 

»0 50 
l03«/9/«/7.3 

70 
1059/6/2/«.9 

O.I II 
l03l/l.5/»/3.0 
1067/10/5/5.« 

7K 
1061/5/2/«.7 

l( 
1067/5/2/».6 

0.5 t i 
Id 
l06l/I.S/«/».t 

2J 
1060/6/2/».9 

3E                      |   »e 
IO«l/«/l/».5       1                - ■ 

5f 
io«i/a/«/».» 

! 5 it 0.7S 

! 
IC 
l03)/»/l.f/I.O 

21 
103l/»/l.5/».9 
l072/»/2.5/S.9 

'■■ 'j 2C 

l i t t 21 
1036/6/»/«.9 

SII «oDiiioaii com icutiiions    suci rosmw COWHUOS USED 

1/?, ""2 '3 <l ■Vsr 
. ■■ 75 0.17 10/0.«5 

J.J T \ \ 
12 

1071/6/3/1.3 

•THESE RATINGS NOT USED IN DATA ANALYSIS (SEE DISCUSSION IN APPENDIX I OF REF. 1) 
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4.2     RESULTS FROM THE CURRENT INVESTIGATION (PHASE 1) 

Tables III through VII show the pilot rating results obtained in the 

present experiment. These tables present the results in order as follows: 

Table III - ACM Task With Target (Pilot A) 

Table IV - ACM Task Without Target (Pilot A) 

Table V - ACM Task With Target (Pilot B) 

Table VI - ACM Task Without Target (Pilot B) 

Table VII - Aerial Refueling (Pilot A) 

The pilot rating results in the above tables are presented in essentially the 

same format as the above results from Reference 1. The fl'ght numbers are 

not shown on the tabular results, but the evaluation flight numbers, which 

began with "Evaluation Flight 1" and proceeded in sequence throughout the 

experiment, are shown in the pilot comment summaries in Appendix 1. The 

turbulence effect ratings also are not included on the tabular results but 

are shown on the pilot comment summaries. When it is noted that the turbulence 

response, or the response to random disturbance inputs was a significant 

factor in the pilot rating obtained, then the turbulence response and its 

effect will be discussed. The PIO rating and the values of F /n assigned, or 

obtained, in the present experiment are also shown on the above tables. The 

complete summary of pilot comments for the configurations evaluated in this 

experiment, presented in Appendix I, are grouped by configuration and ordered 

in sequence for evaluations with target, without target and aerial refueling. 

Bode plots and time histories for each configuration are presented 

in Appendix I of Reference 1 and the reader is referred to the reference study 

for this information. The short-period characteristics obtained in the current 

experiment were not exactly the same as those obtained in the referenced study; 

however, for most cases the differences were small. The short-period frequencies 

in the current experiment were within ten percent or less of the values obtained 

40 

- ■■ ■'-.:■-- -   ■- -- ^ - -— -  ■  _,.^..^^^i.„.J_^^.^JJ^„-^^^i^M^Mi^.,,. g . ■ m ^^^^^M^^^^^^^MMlliMli 



wwBWPtwFi«" mm pptgpfiPlimpHpgnii '■■*" 

Table IH 

ACM TASK WITH TARGET (PILOT A) 

Numbers In Blocks Refer to the Following: Conflguretlon No. 
PR/PIOR/A 

SHORT PERIOD CHARACTERISTICS                                                                | 

1        CONTROL 
|        SYSTEM 

CHARACTERISTICS 

{                                      n/»« 18.5 9/rad 

j                                     1/T#1" 1.25 sec"1 

n/«. t 50 g/rad                    j 

1/T,t- 2.4 sec"1 

1                            "WÄ, "W / tse                              | 

i/r, 1/T, ". '' 
2.2/0.70 4.5/0.72 9.5/0.63 4.5/0.29 4.7/0.18 3.0/0.68 7.3/0.85 16.0/0.73 

2 5 6 3 0. 75 
IB 
4/2/5.0 

2A 
4/2/5.6 

3.3 8 68 
5/2/4.6 

5 
1 

12 i 
2C 
4.5/2/6.0 

oo oo 75 0.67 
10 
3/1/5 8 

20 
3/1/6.5 
2.5/1/6.5 

3A 
7/4/5.7 

4A 
4/2/6.1 

5A 
6/3.5/6.7 

6C 
8/3/4.6 
7.5/2/4.6 

70 
2.5/1/4.7 

8A                  | 
6/3/4,7        i 

19 6 0. 75 
68                  ! 
7/4/3.8        j 

12 
2E 
7/4/4.2 
6/4/4.2 

8 
60 
8/4/4.1 

5 
IE 
8/3/8.7 

2F 
7/4/6.0 

3.3 
7F 
7/4/4.7 

80                  1 
2/1/4.7        ! 

2 
2H 
4/1.5/6.3 

3D 
6/3/5.4 

40 
8/4/6.9 

' 
0.5 

1 ! r 

2J 
5/2/5.4 

5E 
8/4/7.6 

SIX ADDITIONAL CONFIGURATIONS: STICK POSITION COftUNDS USED 

*Wlf.P ^p/ftP                        i 

i/n l/r, WJ <j 
2.3/1.7 2.3/1.1 3.2/1.1 10.0/0.44 15.0/0.30 16.0/0.21     i 

oo oo 75 0.67 9 
6/1/8.2 

10 
3/1/6.2 

11 
2.5/1/12.0 

12 
2/1/5.3 
3/1.5/5.3 

13 
2/1/5.8 
2/1/5.8 

14                  j 
8/4/5.8        j 
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Table IS 
ACM TASK WITHOUT TARGET (PILOT A) 

Numbers in Block fefer to tne Following: Configuration No. 

PR/PIOR/-^- 

SHORT PERIOD CHARACTERISTICS 

CONTROL 
SYSTEM 

CHARACTERISTICS 

T)/»  s 18.5 g/r«d                                                       n/«   s 50 g/rad 

1/T^ • 1.25 fee'1                                                        1/T^ - 2.4 sec"1 

I                                                         Vv-tflP                                                                                           ^wlftp 

VT, 1/T, ^ ?,      2.2/0.70 4.5/0.72 9.5/0.63 4.5/0.29 4.7/0.18 3.0/0.68 7.3/0.85 16.0/0.73 

2 5 63 0-75   )/l/5.0 
2A 
3/1.5/5.6 

3.3 8 68 
3/1/4.6 

5 12 

1 

2C 
3/1.5/5.0 

o o oo 75 0.67 20 
3/1/6.5 

4A 
5/3/6.1 

6C 
6/2/4.6 

19 6 3 0. 76 88 
3/1/4.1 

8 60 
9/5/4.1 

5 IE 
8/3.5/8.7 

2F 
7/4/6.0 

2 40 
9/5/6.9 

' 
0.5 

I ' t 
2J 
5/1.5/5.4 

5E 
9/4.5/7.6 

SIX ADDITIONAL CONFIGURATIONS: STICK POSITION COMMANDS USED 

^ / f**                                              \ Vgp/tsp 

i/r, l/r. *>1 <". 3.2/1.1 10.0/0.44 15.0/0.30 16.0/0.21 

oo oo 75 D.67 11 
4.5/1/12.0 

12 
7/3.5/5.3 

13 
7/4/5.8 

14 
7/3/5.8 
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Table S 
ACM TASK WITH TARGET (PILOT B) 

Numbers In Block Refer to the Following: Configuration No. 

PR/PIOR/-^- 

n SHORT PERIOD CHARACTERISTICS 

CONTROL 
SYSTEM 

CHARACTERISTICS 

7i/«   » 18.5 g/rad 

1/T#f • 1.25 sec-1 

7i/«   «50 g/rad 

1/T«, ■ 2.4 sec'1 

Vv/ftß ^tf/ft» 

vr, i/r. ^ f. 2.2/0.70 4.5/0.72 9.5/0.63 4.5/0.29 4.7/0.18 3.0/0.68 7.3/0 85 16.0/0.73 

2 5 ( 3 0. 75 IB 
5/3/5.0 

3.3 8 
i r 

68 
7/4/4.6 

a o oo 75 0.67 ID 
3/1/5.8 

20 
2/1/6.5 

i r 

3.3 63 0.75 
7F 
5/3/4.7 

80 
2/1/4.7 

Table 3Zt 
ACM TASK WITHOUT TARGET (PILOT B) 

Numbers In Block Refer to the Following: 
Configuration No. 

PR/PIOR/-^- 

SHORT PERIOD CHARACTERISTICS 

CONTROL 
SYSTEM 

CHARACTERISTICS 

"/«   s 18.5 g/rad                                                 w/«   s 50 g/rad 

1/T,, • 1.25 sec"1                                                        1/T#l ■ 2.4 sec'1 

"W«"«,                                                        *■„/£, 
i/r, i/r, «4 f. 2.2/0.70 4.5/0.72 9.5/0.63   |  4.5/0.29 4.7/0.18 3.0/0.C8 /.3/0.85 16.0/0.73 

2 5 6 3 0. 75 IB 
6/4/5.0 

  

3.3 8 68 
6/3/4.6 

5 12 

i 1 

2C 
4/2/5.0 

  

oo oo 75 0.67 10 
4/2/5.8 

2D 
2/1/6.5 
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Table 3ZIL 
AERIAL REFUELING TASK (PILOT A) 

Numbers in Block Refer to the Following; 
Configuration No. 

PR/PIOR/^- 

SHORT PERIOD CHARACTERISTICS 

CONTROL 
SYSTEM 

CHARACTERISTICS 

"/«    t 18.6 g/rad                                 | 

1/T,f   = 1.25 sec"1 

^«P / fjP                                                     1 

UT, 1/f, ^ ft 2.2/0.70 4.5/0.72 9.5/0.63 4.5/0.29 4.7/0.18 

2 5 63 0.75 IB 
1/1/5.8 

2A 
2.5/1/5.6 

c IO OO 

ID 
4.5/2/5.8 
4/1.5/5.8 
2/1/5.8 

2D 
1/1/6.5 
1/1/6.5 
2/1/6.6 

4A 
3/1/6.1 
4.5/2/6.1 

5A 
4/2/6.7 
6/2/6.7 
5/2/6.7        1 

6 
IE 
10/5/8.7 

2 4D 
4/2/11.1 

5D 
8/4/8.9 

0.5 
i 

2J 
8/4.5/5.4 

5E 
9/5/7.6 

SIX ADDITIONAL CONFIGURATIONS: STICK POSITION COMMANDS USED 

'Jtr 1 (t?                         1 

1/f, i/n a), f,  1   2.3/1.7 2.3/1.1 3.3/1          | 

OO oo 75 
I9 

0.6   1 5/2/8.2 
J 6/2/8.2 
1 5/2/8.2 

10 
6/3/6.2 
4/1.5/6.2 

11                   i 
2.5/1/12.0 
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in referenced study except for Configuration 6 and Configuration 13, which 

were within fifteen percent of the values given in Reference 1. The maximum 

difference between the damping ratios of the current study and the referenced 

study was less than fifteen percent, generally being about five percent. The 

control system characteristics, obtained from networks on electronic circuit 

cards, were essentially identical to these of the referenced study. 

The applicable longitudinal equations of motion, transfer functions 

and details of the simulation mechanization in the NT-33A airplane are pre- 

sented in Appendices IV and V of Reference 1 and therefore will not be pre- 

sented in this report. 

4.3     COMPARISON OF PILOT RATING RESULTS 

In comparing pilot rating results, it is natural to point out those 

cases for which a significant difference is in evidence, but this implies having 

established a criterion or definition for a significant difference. Once the 

criterion or definition is established, then the results can be divided into 

two general categories; those for which the significant difference exists be- 

tween the pilot ratings for a different evaluation technique or task, and 

those for which there is not significant difference. The configurations in 

the latter category can then be practically omitted from further discussion 

since the evaluation task difference or evaluation technique difference would 

have had no effect on the results obtained and a conclusion to that effect 

can be stated. For those configurations in the former category; that is, a 

significant difference in pilot rating results with differing evaluation task 

or technique, the reason for the difference must be investigated. Before 

proceeding with a criterion for a significant difference the word "significant" 

must be defined. 
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In Reference 7 it was shown that the standard deviation of pilot 

ratings varied between values of one and two depending upon the mean value of 

the pilot rating. The larger variation occurred for a mean pilot rating of 4.3. 

However, the quantity of data obtained in a handling qualities experiment, 

particularly for any single configuration, is usually too limited to lend 

itself to a statistical analysis, and that is the case in both the present 

experiment and the study of Reference 1. Therefore, the word "significant" 

as used here has no statistical implications. It simply means "important" or 

"of consequence". 

4.3.1   Intra-Pilot Rating Variation 

Figures 16 through 19 show the intra-pilot variation in pilot rating 

for the data from Reference 1 and the data from the present experiment. The 

reader is reminded that Pilot W of the Reference 1 study was Pilot A of the 

present experiment. Since all the configurations evaluated in the present 

experiment were selected from those of Reference 1, then intra-pilot rating 

variations for Pilot W/Pilot A can be shown, as in Figures 17 and 18. It 

should be noted that Figures 16, 17 and 19 are symmetrical about the diagonal 

line of zero pilot rating variation. When plotting the repeat rating data in 

these figures, each pilot rating obtained for a given configuration was 

considered to be the independent variable once, and the other pilot ratings in 

the repeated set were plotted as dependent variables. For example. Configura- 

tion 1A was rated three times by Pilot M, Table I, with PR = 2, 6, and 4. Six 

points appear in Figure 16 for Configuration 1A.  If PR = 2 is taken as in- 

dependent, then plotted points appear at the PR coordinates 2, 6 and 2, 4 for 

the ordinate and abscissa, respectively. Taking PR = 6 as the independent 

E.A. Kidd and G. Bull, "Handling Qualities Requirements as Influenced 
by Pilot Evaluation Time and Sample Size" CAL Report No. TB-1444-F-1 
Contract No. NOW 60-0393 C, February 1962. 
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^ PR<1 

^=52% 

S PR < 1.5 

-g-  70* 

A PR<2 

M"  81* 

NOTE:     NUMBEKS-LETTERS 
DENTIFY 

CONFIGUr^TIONS 

8 9 10 4 6 6 7 
PR, PILOT M 

Figure 16    INTRA-PILOT RATING VARIATION, PILOT M 

- 

PILOT W RATINGS. REE 1 
PILOT A RATING, WITH 
TARGET, CURRENT 
EXPERIMENT 
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A PR < 1.5 
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APR< 2 
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PILOT A 
TARGET 

APR< 1 

■§--   100^ 

A PR < 15 

100% 

APR< 1 

100% 

123456780 
PR PILOT W (REF. 1) AND PR PILOT A WITH TARGET 

Figure 17    INTRA-PILOT RATING VARIATION, PILOT W (REF. 1), NO TARGET AND 
P'LOT A, WITH TARGET 
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CONFIGURATIONS 

23456789 10 
PR, PILOT W, REF. 1 (NO TARGET) 

Figure 18     INTRAPILOT RATING VARIATION FOR PILOT A, NO TARGET RATINGS, 
VS PILOT A RATINGS AS PILOT W (REF. 1) 
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Figure 19    INTRAPILOT RATING VARIATION, PILOT A, AERIAL REFUELING 
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variable, points appear at 6, 2 and 6, 4. Likewise, two more points appear 

at 4, 2 and 4, 6 for a total of six points. Using this procedure, the greatest 

variation in intra-pilot rating obtained in the experiment for each configura- 

tion will appear on the figures as deviation from the line of perfect agreement 

and no single PR, such as the original one for a given configuration, is 

weighted more heavily than any other. 

Each of the plotted points on the figures is accompanied by a con- 

figuration identification. The number of poi!.!_ at any given coordinates 

can be determined by the number of configuration identification labels accom- 

panying that location. Because of the plotting procedure used, a given con- 

figuration identification may be duplicated for a given point. 

The percentage of the data points in each figure within the following 

rating bands about the line of perfect agreement is tabulated on each figure. 

The rating bands used are APR-^ 1, APR-$ 1.5 and APR^ 2. Figure 16 shows 

intra-pilot rating variation for Pilot M of Reference 1. Eighty-one percent 

of the data lies within a band of +2 ratings from the line of perfect agreement. 

The configurations and the ratings given by Pilot M for cases outside this 

range are listed below. 

Pilot M 

Configuration PR 

1A 2*, 6, 4 

1C 2*, 5, 3.5 

2B 2.5*, 6, 6 

6E 5.5*, 8 

The asterisk denotes points not included in the analysis of Reference 1. 

Nrne of the above configurations were evaluated in the current experiment. 
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Figure 17 shows intra-pilot variation for Pilot W of Reference 1 and 

for Pilot A (the same pilot) in the current experiment. The data for Pilot A is 

for repeats with a target. None of the configurations evaluated by Pilot A 

without a target were repeated without a target. One hundred percent of the 

data for Pilot A with a target lie within APR-$ 1. Eighty percent of the 

data for Pilot W lie within  APR-^ 2.  The configurations and the ratings 

given by Pilot W for cases outside this range are listed below. 

Pilot W 

Configuration 

1A 

6C 

7L 

PR 

2*. 5 

2.5*, 5 

4, 1.5 

The asterisk denotes points not included in the analysis of Reference 1. 

Configuration 1A was not evaluated in the present experiment. 

Figure 18 compares the ratings of Pilot A without a target with the 

ratings he gave as Pilot W in Reference 1. Eighty percent of the data in 

Figure 18 lie within APR-^ 1 and also  APR^ 2. Two points lie outside the 

range APR< 2. These configurations are listed below. 

Configuration 

IB 

6C 

Pilot W and A [No Target] 

PR, Pilot A PR, Pilot W 

7 3 

6 2.5*. 5 

Again, one of the ratings by Pilot W for Configuration 6C was considered invalid 

by the authors of Reference 1 and was not included in their analysis. 

The intra-pilot rating variation for Pilot A in the aerial refueling 

task is shown in Figure 19. Ninety-three percent of the repeat rating? are 
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within APR-^ 2. Only for configuration ID did the repeat ratings differ by 

more than this range. 

Pilot A Refueling 

Configuration FR 

ID 4.5, 4, 2 

4.3.2   Inter-Pilot Rating Variation 

Figures 20 through 23 show the inter-pilot rating variation for the 

data of Reference 1 and the current experiment. Figure 20 compares pilot 

ratings for pilots M and  W of Reference 1. Seventy-eight percenttof the data 

in Figure 20 are within  APR^ 2. The configurations and the pilot ratings 

for cases outside this range are listed below. 

Pilot W Compared with Pilot M 

Configuration PR, Pilot _W PR, Pilot M 

1A 2*, 5 2*. 6, 4 

7A 2 5, 4 

2B 4. 5 2*, 6. 6 

6B 4 2.5, 1 

6F 8.5, 10 6, 8 

7F 7. 7, 7 3, 4. 4 

8E 5 2.5, 3 

Of this group, only Configurations 6B and 7F were repeated in the current 

experiment. 

Figure 21 compares the data of Pilot A without a target with data 

for Pilot M of Reference 1.  Eighty-three percent of the data in Figure 21 lie 

within APR^- 2. The configurations and pilot ratings for cases outside 

this range are listed below. 
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CONFIGURATIONS 
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78% 

4 5 6 
PR, PILOT W 

Figure 20    INTER-PILOT RATING VARIATION, REF. 1 DATA 
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Figure 21     INTER-PILOT RATING VARIATION, PILOT A, NO TARGET (CURRENT 
EXPERIMENT) VS PILOT M. NO TARGET (REF. 1) 
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:igure 22     INTER-PILOT RATING VARIATION, PILOT B, NO TARGET (CURRENT 
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Figure 23    INTER-PILOT RATING VARIATION - CURRENT EXPERIMENT 
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Pilot M Compared with Pilot A [No Target] 

Configuration        PR, Pilot A        PR, Pilot M 

14 7 4.5, 6 

IB 7 3.5 

2F 7 3 

6D 9 5.5 

Figure 22 compares the data of Pilot B, without a target, with the 

data of Pilot M of Reference 1. Sixty-three percent of the data in Figure 22 

lie within APR^ 2. The configurations and pilot ratings for cases outside 

this range are listed below. 

Pilot M Compared with Pilot B [No Target] 

Configuration        PR. Pilot B        PR, Pilot M 

IB 6 3.5 

6B 6 2.5, 1 

Figure 23 compares the data of Pilot B, without a target, with the 

data of Pilot W and Pilot A also without a target. Also compared in Figure 23 

are data for Pilots A and B with a target. Eighty percent of the data for 

Pilot B compared with Pilot W lie within APR^ 2,  Seventy-five percent of 

the data for Pilot B compared with Pilot A, without a target, lie within 

APR-^: 2. One hundred percent of the data for Pilot B compared with Pilot A, 

with a target, lie within APR ^ "2. The configurations and pilot ratings for 

the cases outside this range are listed below. 

Pilot W Compared with Pilot B [No Target] 

Configuration        PR, Pilot B        PR, Pilot W 

IB 6 3 
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Pilot A Compared with Pilot B [No Target] 

Configuration        PR, Pilot B        PR, Pilot A 

6B 6 3 

Pilot A compared with Pilot B (Target] 

All cases are within APR^ 2 but Configurations 63 and 7F 

are on the limit; i.e., APR = 2 for these two cases. 

The above review of intra- and inter-pilot variability in assigning 

pilot rating has shown that for eight of the ten comparisons, the portion of 

data within APR-^ 2 was 78 to 100 percent. The other two comparisons had 63% 

and 75% within the APR^ 2 ange. These two groups of data were small, 

however, so that a single point constituted a large percentage of the group. 

This review of the variability in pilot ratings for the data of 

Reference 1 and the current experiment has identified the configurations for 

which the pilot rating variation was large. Also, a background has been 

established judging whether differences in rating between evaluations with and 

without a target should be considered significant. This background can also 

be used to determine whether or not differences in rating for ACM with a 

target and refueling ratings are large enough to be significant. A pilot 

rating difference of A PR > 2 will be used for this purpose. 

4.3.3   Comparison of Pilot Ratings for Evaluations With and Without a 
Target Airplane 

Pilot rating data for evaluations with a target are compared with 

rating data from evaluations without a target in Figures 24, 25 and 26. Figure 

24 compares pilot ratings by Pilot A with a target to ratings by Pilot W 

(the same pilot) in Reference 1 without a target. Seventy-eight percent of 

the data in Figure 24 lie wiihin APR^ 2. The configurations and the ratings 

for cases outside this range are listed below. 

55 

. .. . .■.. ..>.■.....-...   .■.-, ..J,.JJ..^_, .... ...,-     HI     fin -ir^tMi-MMi m i ii   rn ir--' ■■ ■ ^ ■■■ ■■   -■>-—^.-i-*-^.-    -.■-. -.-^ - ■ ■■-  ....-.-.-■ .  ^.■..J.. .«MMMrMl 



»'^■■»••""•■•-•'•-"'""••'•••"'''"■-''■••"'^"'■•■■"'■""~"' iriiir^!*:'"?-'■''"■'""*■'-,""'. ■" ""^' ■i"i" ■' ^ II- "WVJ,^.'*~-» 

A PR< 1 
59% 

A PR< 1.5 
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CONFIGURATIONS 

23456789 10 
PR, PILOT W, NO TARGET (REF. 1) 

Figure 24    PILOT RATING VARIATION - PILOT A, WITH TARGET VS PILOT W, 
NO TARGET (REF. 1) 
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Figure 25 PILOT A RATING VARIATION - WITH TARGET VS NO TARGET 

56 

*J*ML.:±i.,..,.   ^. ..   -,   .-■       . .- ■-■   MJujM i-'ilKriMiiltiiir   \imimim\ ^^^^■^^.^^^.t.....-.i.-u.....^.^,.-.^^....^äjLiüiiiäMäi 



1     '^ "^'ami Ml  I ■i.]."."i .>*"*>"> ■■ .:■ ,.*w,mm*rmm?'wim,m,*.\ni,-mi'vvmmt .i!■■■■, f -M^F—wi TTTOTW   pM) ■i'»u«rn 

10 

t-    _ IU    s 
(9 
(C < 
»■   s 

a. 

M   M   M "'T/l ]/1 
MM-  j/f j/f i 
:       :       ;              /   6B     •/    :       y    \ 

i       i                1/'^   '■       y     1B      i^ 

j/                      /  ID        J/        : 

^ 

[             \     /ID         ;    y^j 
NOTE:     NUMBERS-LETTERS 1 

IDENTIFY                   1 
CONFIGURATION     j 

1            i/                    >^ 

1/1      H       1       i              1       1       1 
1 8 9        10 

A PR< 1 
100% 

A PR < 1-5 
100% 

A PR< 2 
100% 

2 3 4 5 6 7 
PR, NO TARGET 

Figure 26    PILOT B RATING VARIATION - WITH TARGET VS NO TARGET 
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Pilot W [No Target] Compared with Pilot A [With Target] 

Configuration        PR, Pilot W        PR, Pilot A, Target 

6C 2.5*, 5 8, 7.5 

3A 4, 4 7 

Figure 25 compares pilot ratings by Pilot A without a target with 

ratings by Pilot A for evaluations with a target. Seventy-two percent of the 

data in Figure 25 is within APR-^ 2. The configurations and the pilot ratings 

for cases outside this range are listed below. 

Pilot A [No Target] Compared with Pilot A [With Target] 

Configuration        PR, No Target        PR, Target 

8B 3 7 

IB 7 4 

12 7 2, 3 

13 7 2, 2 

Figure 26 compares pilot ratings by Pilot B without a target with 

ratings by Pilot B for evaluations with a target. One hundred percent of the 

data in Figure 26 lie within A PR < 1. Thus, for the configurations evaluated 

by Pilot B, there was no significant difference between target and no target 

evaluations. 

In the following paragraphs, each configuration in the above two 

listings for Pilot A will be discussed. First, consider Configuration IB, 

which appears on the list because Pilot A rated it PR = 7 on his evaluation 

without a target and PR = 4 on his evaluation with a target. A review of all 

the evaluations of Configuration IB shows the following range of ratings: 
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Pilot, Configuration IB    No Target PR     Target PR 

M 3.5 

W 3 

A 7 4 

B 6 5 

In all evaluations by all pilots, the comments indicate a potential 

danger of over stressing the airplane when performing abrupt gross maneuvers 

such as target acquisition. There was a tendency for the airplane to dig in 

which required the pilot to slack off and push forward to prevent exceeding 

the desired pitch rate or load factor. Thus, there was speculation about 

how severe or potentially dangerous this characteristic might be if aggressive 

maneuvering were required near the structural limits of the airframe. Pilots 

A and B made more critical judgments of this danger in their evaluations 

without a target than they did in their evaluations with a target. 

The largest variation in pilot rating was given by Pilot A and W 

(the same pilot) on two different evaluations without a target. Pilot A 

commented after his evaluation without a target that the tendency to over g 

the airplane was a minor objection. As Pilot A, he commented after the 

evaluation without a target that high g maneuvering must be avoided because 

of the tendency to over g the airplane. This was the primary reason the air- 

plane was unacceptable. 

In this example a large degree of variability resulted for the evalua- 

tions without a target. This is in part because the objectional characteristic 

is critically related to the performance standard the pilot is attempting to 

achieve, i.e. the more aggressively he attempts to maneuver the more serious 

the problem. Thus the outcome of the evaluation can be biased by not having 

the opportunity to do the actual task. 
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Next consider Configuration 6C.  This configuration is in the list 

because Pilot A rated 6C more severely in his evaluations with a target than 

Pilot W did without a target. A review of all the rating data for Configuration 

6C shows the following ratings: 

Configuration 6C 

No Target PR 

4 

2.5*, 5 

6 

Pilot 

M 

W 

A 

Target PR 

8, 7.5 

The PR = 2.5 given by Pilot W was considered to be invalid by the 

authors of Reference 1.  If this rating is disregarded, there is still a large 

range between evaluations by Pilot W in.  Reference 1 and evaluations by Pilot 

A with a target in the current study. Part of this rating degradation is prob- 

ably a result of the lower short-period frequency in the current program. In 

the Reference 1 study, Configuration 6C had u;Sp =3.4 rad/sec and in the 

current study, ^gp = 3.0 rad/sec. This configuration is between the Level 1 

and Level 2 lower limits for short-period frequency in MIL-F-8785B (see 

Figure 2 of this report). The gradient of pilot rating with short-period 

frequency in this region is known to be quite steep. Thus, part of the rating 

difference noted between Pilot W in Referei.-e 1 and Pilot A with a target in 

the current program is attributable to differences in the short-period frequency 

in the two simulations. The difference in pilot rating for Configuration 6C 

within the current experiment shows APR = 1.5 and 2 for Pilot A with and 

without a target. Thus the data indicate a degradation of this configuration 

when evaluated with a target, but the significance is marginal, i.e., it 

still could be a result of pilot variability. The pilot comments given by 

Pilot A in the three evaluations are quite similar. The major objection was 

the slow initial pitch response requiring the pilot to overdrive the airplane 

and the resulting unpredictability of the final response. Tracking capability 

with a target airplane was poor because of the unpredictable response, but 

normal acceleration control was the primary detrimental feature. The objec- 

tions to normal acceleration control were voiced somewhat more strongly in 

evaluations with the target airplane. 
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Next consider Configuration 3A. This configuration is in the list 

because Pilot A rated 3A more severely in his evaluation with a target than 

Pilot W did without a target. A review of all the rating data for Configura- 

tion 3A shows the following ratings: 

Configuration 5A 

Pilot No Target PR      Target PR 

M 5, 4 

W 4, 4 

Configuration 3A was evaluated four times in the study of Reference 

1, receiving a PR = 4 three times and a PR = 5. f^jm   was 10.8 

Ib/g for the PR = 5, and at values of 5.4, 11.5 and 5.7 Ib/g for the three 

PR = 4 cases. This configuration was found to respond quite abruptly initially 

( u^5pi>9.S  rad/sec), and was overly sensitive for small rapid maneuvers. 

There was a tendency to oscillate when tracking, but this was partially 

overcome with practice and by flying smoothly. The pilots found they had to 

hold the stick very lightly, and slow their inputs to reduce the oscillations. 

Normal acceleration control was considered a good feature of the configuration. 

As noted in Reference 1, the presence of high-frequency structural oscillations 

may have influenced how the task was flown and therefore the pilot rating.  In 

the current experiment with a target airplane, this configuration was evaluated 

with F /n =5.7 Ib/g and was assigned a PR = 7. The same problems were noted, 

including the structural vibration, but instead of just a tendency to oscillate, 

there was a relatively low-amplitude, high-frequency PIO whenever tracking was 

attempted. The pilot could stop the oscillation. As he stated, "I really had 

to back off on my gain to stop the oscillation so that I couldn't really do 

the job in my estimation." He later said, "1 could stop the oscillations by 

stopping the task." When flying against a target airplane, the pilot could 

compensate for PIO tendencies only by abandoning the task; but without a 

target. Reference 1, both pilots said that with practice and smooth flying they 

could compensate for the oscillatory tendencies. Apparently the target air- 

plane forced the maintenance of performance standards on the part of the 

evaluation pilot. 

61 

^^^.„■^.^ , -n i i     niiinvi.iii.fr -■■■"'   ■■■■-- - ■■.■    —-■■—'       _-^—aa^i^m«^^... .„>-,....^.   ■,II...,   .i.n..,r nil. ■..iir,.,iria.i ■ ■—    mirr - juju—- 



p^WipM^j^p^pi^Ba^lljPPPWWBFWwpfWwpwfJiiiiiiii i i].n.|.m.i.ii.»—nm^r. p   u,»! i.,. tjmmvii'w* Ji—ww»^— .'■■ :   ■.!■ i... i «■>■■. ■IWIITW—^r»- 

Next consider Configuration 8B. This configuration is on the list 

because Pilot A rated it more severely in his evaluation with a target than 

he did in his evaluation without a target. A review of all the rating data 

for Configuration 8B shows the following ratings: 

Configuration 8B 

Pilot No Target PR      Target PR 

M 3.5 

A 3 7 

The "no target" evaluation in the current experiment agrees quite 

well with PR = 3.5 in Reference 1 and PR = 3 in the current study. With a 

target airplane, the configuration deteriorated to PR = 7. In the study of 

Reference 1, the configuration was evaluated with F /n = 3.3 Ib/g. The pri- 

mary objectionable feature of Configuration SB was a small oscillation about a 

selected target, and abruptness of response in pitch attitude and normal 

acceleration. None of the comments showed any very good features. Normal 

acceleration control was "pretty good" with small oscillations about the 

desired "g". The response to pilot inputs was "fairly predictable" with stick 

forces becoming heavier as the response developed. Comments in the present 

experiment without a target airplane, for which F /n = 4.1 Ib/g, were very 

similar to those above except that normal acceleration control was considered 

excellent. The objection was, again, the abrupt initial response and a 

tendency to overshoot the selected target. The evaluation with a target air- 

plane and F /n =3.8 Ib/g resulted in a PR = 7. The normal acceleration con- 

trol was still very good. The airplane was very maneuverable and could be 

flown aggressively in large-magnitude maneuvering, but attempts at tracking 

resulted in a nearly continuous PIO. The pilot stated that all he had to do 

to eliminate the oscillations was "back off on .... gain a little," but any- 

time a small precise pitch attitude correction was attempted, a PIO would 

result. For Configuration SB, the use of a target airplane certainly appears 

to have affected the results obtained. The oscillation problem was always 

there, as indicated by the comments on a tendency to overshoot the selected 

target and the development of a small oscillation in pitch attitude about the 
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selected target. But when the target airplane was tracked, there was little 

doubt that the oscillatory characteristic was more than just a tendency and 

resulted in a well-developed PIO. 

Consider next Configuration 12. This configuration is on the list 

because Pilot A rated it more favorably in his evaluations with a target air- 

plane than he did in his evaluation without a target. A review of all the 

pilot rating data for Configuration 12 shows the following ratings: 

Configuration 12 

Pilot No Target PR      Target PR 

M 5, 6 

W 6 

A 7 2, 3 

Configuration 12 showed a quite significant improvement in pilot 

rating when the evaluation was conducted with a target airplane. With a 

target airplane, the configuration received PR - 2 and 3. The ratings from 

Reference 1 were PR = 5, 6 and 6; for the no target evaluation in the current 

experiment, the pilot rating was PR = 7. In the study of Reference 1, the 

configuration was evaluated with F /n = 4.9, 8.4 and 8.3 Ib/g, and the two 

PR = 6 were for the evaluations with the higher F /n values. In all three 

cases, however, the pilot comments indicate that the stick forces were heavy. 

Because of the abrupt initial response, the stick forces were initially 

light, but became heavy as the response developed and remained heavy when 

maintaining a steady "g" load. The final pitch attitude was difficult to 

predict and there was an oscillation about the selected target. As a result, 

tracking capability was poor. Normal acceleration control was good and a 

desired "g" could be acquired quickly with little overshoot. The main objec- 

tions were the nose hobbling when trying to stop the nose on a selected target, 

difficulty in tracking because of nose oscillations, and high steady-state 

stick forces.  In the "no target" evaluation of the current experiment, 

F /n = 5.3 Ib/g and PR = 7. The stick forces were light on the initiation 

of a maneuver, but there were no complaints about heaviness in the steady 

state. As in the Reference 1 comments, the initial response was too abrupt, 
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the final response unpredictable, and tracking as a result, quite difficult. 

Normal acceleration control was good and the airplane was easily maneuvered. 

With a target airplane and with F /n = 5.3 Ib/g, this configuration was evalu- 

ated twice and was assigned PR = 2 and 3. There was no comment about heavy 

stick forces. The initial response was too abrupt, and there was still the 

tendency to get a nose oscillation following abrupt inputs during tracking. 

Tracking capability was good and the pilot stated that he could keep the 

pipper on the target "with nice smooth corrections." The analysis of Reference 

1 predicted a + 4 dB resonance and no requirement for pilot compensation.  It 

was also noted in Reference 1 that the pilot comments were more severe than 

the predicted resonance would indicate, but the analysis indicated that some 

difficulty with pitch attitude tracking was likely. The comments from the 

evaluation with a target airplane imply that some pilot compensation was 

used since the pilot stated that he could track well using nice smooth 

corrections.  "Smooth corrections" indicates lag compensation or reduced 

pilot gain. Reduced pilot gain would decrease tie resonance.  For this con- 

figuration, the technique of using a target airplane for evaluations in the 

ACM mission affected the results and changed a previously unacceptable config- 

uration to a satisfactory airplane.  From the pilot comments the configuration 

exhibited the same characteristics in all evaluations, but with the pipper on 

a target airplane, the nose oscillations were evidently much less degrading. 

Consider next Configuration 13. This configuration is on the list 

because Pilot A rated it more favorably in his evaluation with a target air- 

plane than he did in his evaluation without a target. A review of all the pilot 

rating data for Configuration 13 shows the following ratings: 

Configuration 13 

Pilot No Target PR      Target PR 

M 7, 5.5 

A 7 2, 2 

Configuration 13 was rated PR = 5.5 and 7 in Reference 1 by Pilot M with 

Fs/n =8.1 and 6.0 Ib/g, respectively.  In the "no target" evaluation of the 

current experiment, a PR = 7 was assigned by Pilot A with F /n = 5.8 Ib/g. 
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With a target airplane, this configuration was evaluated twice by Pilot A 

with F /n =5.8 Ib/g, receiving a PR = 2 both times.  In Reference 1, the 

pilot comments indicate that it was difficult to select a satisfactory stick 

force gradient. Somewhat heavy steady forces were selected to improve the 

abrupt initial attitude response. The response predictability was poor, 

the nose would overshoot the selected target and then bobble badly on the 

target; as a result, tracking was difficult. 

In the evaluation with no target airplane in the current experiment, 

the stick forces were "okay". The initial pitch response was abrupt and 

attempts to stop the nose on a selected point produced a several-cycle oscil- 

lation. As before, the tracking was poor because of "high frequency," low- 

amplitude PIO's. Normal acceleration control was good, but the pilot stated 

that he had to refrain from "abruptness" and "ease into things." When evalu- 

ated with a target airplane, the configuration was satisfactory. Stick forces 

were good, and the final pitch attitude was predictable. The pilot stated, 

"There was a tendency to bobble the nose just a little when I really tightened 

up on the task, but it was still satisfactory." Normal acceleration control 

was considered excellent. Tracking capability and "g" control were listed as 

good features, and the only objection, considered minor by the pilot, was a 

tendency to bobble. 

Evidently, the nose bobble or PIO tendency of Configuration 13 was 

much less degrading when flying against the target airplane than it was judged 

to be when evaluating without a target airplane. For Configuration 13, as with 

Configuration 12 above, the technique of using a second airplane for a target 

in the ACM task affected the experimental results obtained. 

Ratings By Pilot A With Target Compared With Pilo- M Without Target 

Examination of Tables II, III, and IV shows that Pilots A and W did 

not evaluate Configurations 2E, 9, and 10 without a target. These configura- 

tions were, however, evaluated by Pilot M in Reference 1. The pilot ratings 

of Pilot A with a target are compared with the ratings of Pilot M in Figure 27. 
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Sixty percent of the data in Figure 27 lie within APR ^ 2. The config- 

urations for which the rating variation exceed APR >2 are listed below. 

Pilot ratings for all pilots are listed for these configurations. 

No Target Targ 

Configuration Pilot M W A B Pilot A 

2E 4 - - - 7. 6 

2F 3 - 7 - 7 

3A 5. 4 4, 4 - - 7 

6B 2.5, 1 4 3 6 5 

6C 4 2.5*, 5 6 - 8, 7 

6D 5,5 - 9 - 8 

7F 3, 4. 4 7, 7, 7 - - 7 

8B 3,5 - 3 - 7 

14 4.5, 6 - 7 - 8 

12 5, 6 6 7 - 2. 3 

13 7, 5.5 - 7 - 2, 2 

Many of the configurations in the above list are the same ones in 

the list that resulted from comparison of "target" ratings from Pilot A with 

"no target" ratings from Pilots A and W (see Figures 24 and 25). The new con- 

figurations are 2E, 2F, 6B, 6D, 7F, and 14. The pilot ratings for the no 

target evaluations of 6B, 6C, and 6D show considerable variation, with the 

ratings from the current experiment being generally poorer than the ratings 

from Reference 1. The short-period frequency for these configurations was 

lower in the current experiment; therefore, the target ratings should not be 

directly compared to the no target ratings of Reference 1. 

The rating data for Configuration 7F indicate disagreement between 

Pilots M and W for the no target evaluations that are as large as any of the 

target - no target variations. Therefore, no conclusion can be drawn about 

the effect of having a target when evaluating this configuration. 
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The rating data for Configuration 14 indicate large disagreement 

between Pilots M and A for the no target evaluations. Because of this dis- 

agreement, no significance can be given to the comparison of pilot ratings 

for Pilot M without a target with ratings from Pilot A with a target. 

The ratings for Configuration 2F are similar to those for Configura- 

tion 14; again, no significance can be given to the comparison between Pilot 

M without a target with Pilot A with a target. 

Configuration 2E was evaluated once in the study of Reference 1 with 

F /n =3.8 Ib/g and was assigned a PR = 4. The objections listed by the eval- 

uation pilot were a tendency to overshoot the target. The pilot stated he 

had to compensate for this tendency, but that it ..'as not serious. The problem 

was more pronounced during the IFR tracking tasks. Normal acceleration control 

was "not too precise." A given g level could be acquired quickly, but there 

was a tendency to overshoot the desired g.  Stick forces were reportedly 

comfortable, but on the heavy side to reduce the overshoot tendency. Attitude 

control during tracking was a "not serious" problem with a continual overshoot 

when tracking.  In the present experiment with a target airplane and 

Fs/n = 4.2 Ib/g, Configuration 2E received pilot ratings of PR = 6 and 7. 

The pilot comments for the two evaluations are similar. The major objection 

was the PIO's induced whenever tracking or when attempting abrupt maneuvers. 

The pilot stated that he could stop the oscillations by "abandoning the task." 

Normal acceleration control was one of the better features of the airplane and 

it could be maneuvered well, but the pilot again stated that any attempt at 

"tight control" (high gain) would result in a PIO. Stick forces were reported 

as satisfactory. 

In the pilot comment for 2E in Reference 1, the pilot stated that he 

had to compensate for a "not serious" tendency to overshoot when tracking. 

In the current experiment, with a target airplane, the pilot experienced PIO 

problems which could be stopped but he had to abandon the task. When flying 

ACM against and tracking a maneuvering target airplane, the evaluation pilot, 

cannot both lower his standard of performance and continue to do the job.  If 
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he lewers his performance standard, he can no longer keep the target in his 

gunsight.  But, when evaluating without a target airplane, the evaluation 

pilot may lower his performance standard, continue the evaluation, and measure 

his required compensation against the decreased performance standard.  Since 

in Reference 1 the pilot said he was able to compensate for the overshoot 

tendency, he may have decreased his bandwidth or gain which would, according 

to the Neal-Smith analysis procedure, decrease the closed-loop resonance and 

result in less tendency to P'.O. Hence, In this particular case, the use of 

a target airplane may have forced the maintenance of performance standards. 

Further Discussion of Configurations (2E, 3A, 8B, 12 and 13) 

Of the 30 configurations evaluated with a target, the evaluations of 

5 configurations (2E, 3A, 8B, 12 and 13) may have been significantly affected 

by performing the evaluations with a target compared to performing the evalua- 

tions without a target. Because Configuration 2E was only evaluated once without 

a target, and this evaluation was performed by a different pilot, this rating 

difference will not be further pursued. The other four configurations C3A, 8B, 

12 and 13) all had high frequency short period roots and in view of this 

similarity, all the configurations in Groups 3 and 8 which were evaluated with 

a target have been listed below, together with Configurations 12, 13 and 14. 

The pilot ratings by all pilots for evaluations both with and without a target 

are listed. 

No Target Target 

Configuration Pilot M W A B Pilot A 

3A 5, 4 4, 4 - - -i 

3D 4 4 - - 6 

8A 5 4 - - 6 

8B 3.5 - 3 - 7 

14 4.5, 6 - 7 - 8 

8D 2 4 - - 2 

12 5, 6 6 7 - 2, 3 

13 7, 5.5 - 7 - 2. 2 
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Configurations 3A, 3D, 8A, 8B and 14 were all given poorer ratings for evalua- 

tions with a target. Configuration 8D was rated essentially the same for 

evaluations with and without a target. Configurations 12 and 13 were both 

rated considerably better in evaluations with a target. Focusing attention 

on Configurations 12 and 13, it is observed that Configuration 12 is in the 

Level 1 region of Figure 2 and is also in the Level 1 regions of the parameters 

A vs A^: and QJFrJla^ Pg/r?^. developed in Reference 4. Thus is terms of 

correlation with flying qualities parameters, the ratings for Configuration 12 

without a target have been anomalous and one would be happy to accept the 

ratings from the evaluations with a target as the more valid assessment of the 

flying qualities of this configuration. 

Up to this point one could argue that performing evaluations with 

the target airplane available had revealed a more rapid degradation of flying 

qualities with increased short period frequency than was found in evaluations 

without a target and also that an anomaly in evaluating Configuration 12 had 

been corrected. Unfortunately, the results from evaluations of Configuration 

13 are inconsistent with this interpretation which assumes that the more 

accurate assessments of the flying qualities has in each case, resulted from 

the evaluations performed with a target available. The ratings for evaluations 

of Configuration 13 with a target (PR =2,2) seem inconsistent with the ratings 

for Configuration 14 (PR = 8) and Configuration 8A (PR = 6). The short period 

dynamics, control system and feel system dynamics and command signal used for 

these three configurations are listed below. 

t        Command Signal Configuration   PR n/a ui i a).     t,         UJ t 
With Target / 5P SP 5      5     rs   «^S 

8A        6 50 16.0 rad/sec .73 75 rad/sec .67 31 rad/sec 1.0 Stick Force 

13 2, 2 50 15.0 .30 75        .67 31        1.0 Stick Position 

14 8 50 16.0 .21 75        .67 31        1.0 Stick Position 
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The most notable differences between these configurations are the different 

short period damping ratios and the fact that Configuration 8A was done with 

force commands and Configurations 13 and 14 were done with stick position 

as the command to the elevator. The short period frequency was slightly lower 

for Configuration 13. It is difficult to believe that Configuration 13 is 

really so outstandingly better than Configurations 8A and 14. 

Although the evaluation results for Configurations 12 and 13 appear 

to indicate a very substantial difference between evaluations with and without 

a target, further comparison with other configurations raises questions as 

to the validity of this difference in the case of Configuration 13. 

4.3.4   Example of Tracking Performance Data 

Motion picture records of the pilot's tracking performance were made 

during the evaluations in which a target airplane was tracked. As an example 

of the possible correlation of this data with pilot rating some of these 

records are shown here. Motion picture data was acquired for most of the 

tracking but reduction of this data for analysis will not be accomplished in 

this program. 

Configuration 2D, U^pV 2.S  rad/sec and 53p~0.7, using force commands 

and negligible control system dynamics, was one of the better configurations 

in this experiment. Pilot ratings of PR = 3 or better were assigned in all 

evaluations including those of Reference 1. The only objection the pilots 

had to this configuration were small oscillations about the selected target 

when performing evaluations with or without a target airplane. 

Figures 28(a) and (b) show the pipper excursions in pitch attitude 

and laterally during tracking with Configuration 2D. Figure 28(c) is a plot of 

the range from the target airplane. The bobbles in pitch attitude appear on 

Figure 28(a), but they are irregular and appear more as pilot corrections 

rather than any tendency toward a PIO. The pitch excursions in this case are 

about +6 mils. 
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Figure 28    TRACKING PERFORMANCE AND RANGE FROM TARGET AIRPLANE, 
CONFIGURATION 2D 
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Figure 29 shows tnckii.c performance for Configuration 4D with 

^5^*4.5 rad/sec,j^p«0.29. This configuration used force commands and had 

a first-order control system lag of T2 = 2.0 seconds or a first order root at 

u\ =   0.5 1/sec. The pilots' main complaint for this configuration was the 

development of a PIO whenever attempting to track or when trying to acquire a 

predetermined g.  In Reference 1, the pilot stated he could greatly improve 

performance by "backing off in gain." When tracking the target airplane, the 

pilot found the task "impossible" but said he could eliminate the PIO's by 

abandoning the task. This configuration received pilot ratings of PR = 8 or 

9 in all four ACM evaluations, with or without a target airplane to track. 

In the current experiment, tracking a target airplane, the frequency of the 

PIO was approximately 5.5 rad/sec, and from Figure 29, became divergent as 

the range to the target airplane was decreased. This frequency is near that 

calculated from the closed loop analysis of Reference 1. 

4.3.5   Comparison of Pilot Rating Results in Aerial Refueling Task to 

Results in the ACM Task 

Fourteen configurations were evaluated in the aerial refueling task, 

all of which were selected from those with n/«:«18.5 g/rad and were evaluated 

at an indicated airspeed of 250 knots. The n/(x»50.0 g/rad cases required an 

indicated airspeed of 350 knots which exceeded the KA-3 speed limitations for 

the refueling drogue. The results for the refueling evaluations are shown in 

Table VII in Section 4.2. The intrapilot rating variation is shown in 

Figure 30 and was discusset' in Section 4.3.1. 

Previous sections of this report have compared the target to no tar- 

get results in the ACM task and the data of the current experiment to that of 

Reference 1 for the ACM task. Only five configurations showed a significant 

ditference between the target and no target results.  All but one of the con- 

figurations evaluated in aerial refueling was also evaluated in ACM with a 

target airplane, the exception being Configuration 50. Therefore, to deter- 

mine the influence of the task on handling qualities assessments, the aerial 

refueling results are compared only to the results of the ACM evaluations 
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Figure 29    TRACKING PERFORMANCE AND RANGE FROM TARGET AIRPLANE, 
CONFIGURATION 4D 
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with a target airplane, as shown in Figure 30.  The one exception, as men- 

tioned above, can only be compared to the results of Reference 1, but in this 

case there was ; o significant difference in pilot rating. 

Of the fourteen configurations evaluated in the aerial refueling task, 

only four (less than 30%) showed a significant difference in pilot rating 

between the aerial refueling and the ACM tasks. These were Configurations IB, 

IK, 2J , and 4L). Two other configurations exhibited a marginal difference. 

Configuration 5A, PR = 6 in the ACM task with a target, was assigned PR = 4,6 

and 5 in aerial refueling on successive evaluations.  Configuration 10, PR = 3 

in ACM received PR = 6 and 4 on successive evaluations of aerial refueling. 

Except for Configurations 41) and ^1), all the configurations were 

evaluated with the same value of F /n in the aerial refueling task as '.vas used 

in the ACM task. The pilot reselected the elevator gearing for Configuration 4D, 

using 11.1 Ib/g instead of the 6.9 Ib/g used in the ACM task.  Configuration 

5D was evaluated with F /n = 8.9 Ib/g, where values of 11.0, 7.3 and 5.4 Ib/g 

were used in Reference 1.  This configuration, however, never was assigned a 

pilot rating better than PR = 8. 

Considering the marginal configurations first. Configuration 5A was 

evaluated three times and rated PR = 4, 6, and 5 in aerial refueling after 

receiving a PR - 6 in ACM.  In the ACM task the pilot found it difficult to 

track because of tendencies toward pitch attitude oscillations (^,„^0.181 and 

felt that he had to impart damping with his inputs.  He did not feel the oscil- 

lations were in the category of a PIO, because his inputs damped the airplane 

rather than aggravating the oscillations.  In the aerial refueling task the 

same problems were evident.  For l.hp evaluation in which the pilot assigned 

PR = 4, he complained about oscillations when 10 to 15 feet behind the drogue, 

but stated that when very close in and when accomplishing the hook-up, he had 

"real fine attitude control." He commented that it was necessary to use very 

small stick inputs.  For the PR = 6 and PR = 5 cases, the pilot still com- 

plained about oscillations when approaching the drogue at about 10 to 15 feet 

and stated that at this distance the oscillations were worse, but smaller 
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oscillations continued as the drogue was approached and during hook-up, 

causing some hook-ups to be missed. Again, very small inputs were required. 

From the PIO ratings assigned, PIOR = 3.5 in the ACM and PIOR = 2 in all three 

refueling evaluations, the oscillations were likely more severe in the ACM, 

but there is little indication that the task difference had a significant 

effect on the handling qualities assessment. 

Configuration 10, PR = 3 in the ACM task provided good tracking 

capability and normal acceleration response.  The only objection the pilot 

listed, a minor one, was the slow initial response and a bit of a tendency to 

overcontrol.  For the PR = 6 aerial refueling evaluation, the initial response 

was reported to be slow and the final pitch attitude response unpredictable. 

Pitch attitude control and tracking capability were poor.  For the PR = 4 

evaluation, the pilot still reported the slow initial response, but stated 

that the pitch attitude control was good and tracking capability was "fair to 

good." The pilot further reported that at times he "could do a real good 

job" and at other times he could not.  There is little in the pilot comments 

or on the flight records to indicate why the pilot hail more difficulty in one 

refueling evaluation than in the other.  But if the ACM PR = 3 and the aerial 

refueling PR = 6 ire compared, the difference, APR = 3, is certainly signifi- 

cant; or if the average PR during refueling is used (PR - 5) the difference is 

still significant.  Fvidently the slow initial response which causes the pilot 

to overdrive the airplane and leads therefore to an unpredictable final 

response causes more degradation in the very close and precise task of 

contacting the refueling drogue than it does in tracking another airplane at 

a much longer distance. 

Configuration IB was rated PR = 4 and 5 in ACM, and PR = 1 in refuel- 

ing.  In the ACM both pilots objected to the tendency to overcontrol in g for 

gross maneuvers. The airplane would "dig in." Both pilots listed the tracking 

capability as a "good feature" although there was a tendency for a slight nose 

bobble or oscillation.  In refueling, the airplane was excellent; the pilot 

stated he could simply "fly" the probe into the center of the drogue at will. 

There were no comments about normal acceleration control. Of course, no gross 

maneuvering is used in the aerial refueling; the task is one of precision 
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formation in level flight and tracking of the droguy. Therefore, the degrada- 

tion of the airplane in ACM because of poor normal acceleration control had no 

effect on the aerial refueling performance. 

Configuration 4D was also much better for aerial refueling than for 

ACM.  In refueling the configuration was rated PR = 4 with F /" = 11.1 lb/g 

as opposed to ACM with PR = 8 and F /n = 6.9 lb/g.  In ACM the pilot found it 

impossible to track. Any attempts at tracking resulted in large-amplitude 

PIO's, as shown on Figure 29.  Normal acceleration control was poor because 

of the unpredictable final response and the resulting oscillations about the 

desired g.  In the aerial refueling the pilot reselected the elevator gearing 

to get heavier stick forces which were acceptable for the aerial refueling 

task.  The F /n = 11.1 lb/g selected for refueling would probably be too heavy 

for gross maneuvering in ACM. Hven with the heavier stick forces, the pilot 

still found the final pitch attitude response a little oscillatory. With the 

heavier stick forces in aerial refueling, the pilot stated that he could 

impart damping, but with the lighter stick forces in ACM, attempts at pitch 

attitude corrections resulted in PIO's. 

Configuration IE, PR = 8 ir ACM, was "uncontrollable" in the aerial 

refueling task.  In the ACM the normal acceleration control was poor, the 

airplane was easily overcontrolled, and the pilot usually arrived at a higher 

g level than he anticipated.  There was a fear of overstressing the airplane, 

tracking capability was poor, and the predictability of the final pitch atti- 

tude was poor. The initial response was slow and then the stick forces 

lightened as the response developed. There were undesirable oscillations, but 

the pilot described them as not being pilot-induced.  In aerial refueling, the 

pitch attitude response was again described as unpredictable, but the pilot 

described the oscillations now as being divergent PIO's whenever he tried to 

track the refueling drogue.  He had difficulty with normal acceleration 

control, and altitude control relative to the tanker was poor with variations 

described as plus or minus 20 feet.  The only way to eliminate the divergent 

PIO's was to abandon the refueling task and back away from the tanker. The 

pilot felt that if he continued to attempt refueling he would lose control of 

the airplane. 
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Configuration 23,  in ACM, was slow to respond in pitch attitude to 

pilot inputs, and the final pitch attitude response was unpredictable.  Because 

of a one- or two-cycle oscillation about the desired final pitch attitude, 

tracking the target airplane was difficult. Assigning a PR = 5 in ACM, the 

pilot stated that the airplane was maneuverable, he had good g capability, 

but tracking capability was "only fair." Attempts at refueling with Config- 

uration 2J resulted in a "somewhat divergent" PIO. The closer the airplane 

approached the refueling drogue, the worse the PIO would become. To stop the 

PIO, the task had to be abandoned. The pilot said he had to just "freeze the 

stick" and back away from the tanker to stop the PIO. For aerial refueling, 

the airplane was assigned a PR = 8. 

From the above discussion, it appears that precise pitch attitude 

control is essential for the aerial refueling task.  In three cases above 

(Configurations IE, 2J and 10), the ACM tracking capability was acceptable or 

satisfactory. But when refueling was attempted, the pilot found he could not 

precisely control pitch attitude and often developed large or even divergent 

PIO's.  Because aerial refueling is accomplished in nearly straight and level 

flight, the pilot need not be concerned about load factor limits and normal 

acceleration control during maneuvers.  If the airplane was poor in ACM be- 

cause of poor normal acceleration control, but was satisfactory for tracking 

in ACM, then it was satisfactory for refueling. Configuration 4D was PI0- 

prone in ACM but in aerial refueling, using higher stick forces, there was 

less tendency toward oscillations.  In this case, the improvement in the PR 

for the aerial refueling task was due to the pilot's being able to select the 

control gain to optimize pitch attitude control for small inputs without 

regard to the need to maneuver at high load factor. 
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Section V 

CONCLUSIONS FROM THE PHASE I EXPERIMENT 

Selected configurations from AFFDL-TR-70-74, Reference 1, were rc- 

evaluated in the air-to-air combat Flight Phase using a maneuvering airplane 

for a target instead of having the evaluation pilot perform maneuvers which 

are considered to be typical of air-to-air combat. A portion of these config- 

urations were also evaluated in the aerial refueling Flight Phase (u^ing probe 

and drogue equipment) to determine the effect of task on the flying qualities 

assessment.  Conclusions derived from the experiment are as follows. 

1. The evaluations performed without a target airplane were 

adequate to reveal potential flying qualities problems in 

the detailed pilot comments in all cases. 

2. The intra and inter-pilot rating variability was smaller for 

evaluations with a target airplane and for the refueling evalua- 

tions than it was for the evaluations performed without a target. 

3. There was some indication that the flying qualities of 

configurations with high frequency short period roots (3A, SB 

and 14) were rated worse when evaluated with the target airplane 

available than without it.  These configurations were rated 

worse because the tendency for high-frequency low-amplitude 

pitch oscillations was more severe in evaluations with the 

target airplane available.  This trend can not be stated as a 

firm conclusion however, because the ratings for Configurations 12 

and 13 exhibited the opposite trend.  The ratings for 

Configuration 13 with a target seem inconsistent with the ratings 

for Configuration 8A, 8B and 14 which are in the same "neighbor- 

hood".  Thus although evaluation of Configuration 13 with a 
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maneuvering target resulted in grossly different pilot ratings 

than were obtained from evaluations without a target, the actual 

acceptability of Configuration 13 is still unresolved. 

4. The complaint of abruptness in the initial response and the occur- 

rence of a small-amplitude high-frequency pitch oscillation is 

typical of the high frequency short period configurations. The 

severity of the complaint is dependent on how aggressively the 

pilot maneuvers the airplane and how precisely he attempts to 

track the target or display task. Variability in the way the 

pilot attempts to execute the task is thought to be reflected in 

the pilot ratings. 

5. Evaluations of flying qualities configurations for the Air 

Combat Flight Phase should be performed with a target airplane 

performing evasive maneuvers. The use of a target airplane in 

the evaluation process will not guarantee that rating anomalies 

will not occur, and therefore, there is still a need for evalua- 

tions by more than one pilot and repeat evaluations by each pilot. 

6. Care must be taken in defining the evaluation task involving the 

target airplane so as not to compromise the total ACM task by 

undue emphasis on one part such as tracking at the expense of 

target acquisition and gross maneuvering. 

7. It was the experience in this research program that a target 

airplane and a refueling tanker were not always available. 

Because of this, there were delays in the evaluation program 

and a tendency to perform shorter evaluations so that more 

configurations could be examined per flight when the other 

airplanes were available. This may have caused greater variability 

in the pilot ratings thar would have occurred if more time could 

have been spent on each evaluation and if the evaluation phase 

could have been executed with less delay. 
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8. The T-33 airplanes were operated under a 3 g structural limit 

during this program because of indications in the T-33 fleet 

of wing structural weakness. This limitation on maneuver 

magnitude may have had an unknown effect on the evaluation results. 

9. Because of the difficulty of getting a refueling tanker for 

the experiment, only a few configurations could be evaluated for 

this task, and these evaluations were all performed during five 

flights. The limited data indicates the following results. 

a. Configuration IB, which was given poor pilot ratings 

because of unsatisfactory normal acceleration control in 

the air-to-air combat maneuvering, was satisfactory for 

aerial refueling. For this configuration, control of pitch 

attitude during stabilized tracking was good. 

b. Configuration 4D was evaluated as unacceptable for air-to- 

air combat, PR=8, because of severe pilot-induced oscillations, 

This configuration was evaluated as acceptable, PR=4, for 

refueling after the pilot reduced the control gain; i.e., 

increased the stick force per g. This example suggests 

that configurations that are downgraded for air-to-air combat 

because of control sensitivity and PIO problems may be 

acceptable for refueling if the control gain is optimized 

for that task. 

c. Configuration 2J was rated unsatisfactory (PR=5) for air-to- 

air combat because of control problems resulting from 

excessive lag in the control system. This configuration 

was rated unacceptable (PR=8) for refueling because the 

control system lag caused a PIO during attempts to engage 

the refueling drogue with the receiving probe. 
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10.  The data from this experiment should be analyzed in terms of 

the closed loop parameters developed in Reference 1 and in 

terms of the open loop parameters developed in Reference 4 to 

determine the effect of the new data on the validity of the 

criteria proposed in these references. 
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Section VI 

DBSCRIPTION 0F; PHASE II EXPERIMENT 

6.1 TEST PROGRAM 

As previously mentioned, the purpose of Phase II of this experiment 

was to investigate the ove.rall systems criteria for the flying qualities of 

highly augmented aircraft. A portion of the work was the development of 

design criteria for the overall flight control-augmentation system that would 

be applicable over a fighter mission profile which included several typical 

fighter tasks.  For this phase of the experiment, the NT-33A was augmented by 

the variable stability system (VSS) to produce flight characteristics similar 

to those of a representative unaugmented high-performance fighter airplane. 

Four flight control systems were designed and tested to demonstrate that 

Level 1 flying qualities could be obtained for several Flight Phases typical 

of the fighter mission. 

6.1.1   Configurations Evaluated 

The four flight control systems were designed and mechanized around 

the simulated airplane represented by the NT-33A and its variable stability 

system, Figure 31.  The evaluation configurations were the unuagmented simu- 

lated airplane and the simulated airplane as augmented by each of the four 

flight control systems.  A tabular summary of the resulting five evaluation 

configurations is listed below: 

Feedback 
Configuration Signals 

Integration in     Prefilter 
Forward Loop Frequency 

II-l 

II-2 

II-3 

1J-4 

11-5 

None No 

<*,#. No 

*' 'V r No 

V-f No 

"rf- Yes 

None 

None 

None 

None 

4 rad/sec 
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Configuration II-l was the unaugmented simulated airplane, and each 

of the remaining four configurations represented the application of four 

different flight control and augmentation systems. 

6.1.2   Mission Profile and Design Flight Conditions 

Before a flight control augmentation system design could commence, 

it was necessary to define both the mission profile over which the simulated 

aircraft was to operate and some specific design flight conditions. This 

procedure began with the selection of a flight envelope, h-M diagram of a 

representative modern, high-performance fighter aircraft. Figure 32. A con- 

dition placed on the flight control system design was that each system provide 

longitudinal handling qualities that would meet the Level 1 requirements of 

M1L-F-8785B over an extended portion of the flight envelope and in the tasl-s 

that a fighter aircraft is expected to perform. To meet such a condition the 

design flight conditions had to be selected to cover a range from landing 

approach to high-altitude supersonic flight. The flight conditions selected 

are shown as sequence 1 through 6 in Figure 32. These flight conditions 

include high- and low-altitude supersonic flight and high- and low-altitude 

low-speed flight. 

As mentioned above, the flight control systems designed also had to 

meet the Level 1 longitudinal handling requirements of MIL-F-8785B in the 

tasks that a fighter aircraft is expected to perform, including: 

(1) Ground Attack 

(2) High Altitude Air-to-Air Intercept Tracking 

(3) Air Combat Maneuvering 

(4) Power Approach 

The test program, then, essentially consisted of an in-flight evaluation of 

the five evaluation configurations. The evaluations were conducted over the 
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simulated mission profile shown in Figure 32, with the evaluation pilot 

performing the above four tasks at appropriate points in the mission profile. 

Before proceeding further into the details of the flight tests, it is necessary 

to describe the flight control system criteria, the modification of the NT-33A 

VSS to simulate the unaugmented airplane, and the design philosophy and pro- 

cedure for development of the flight control augmentation systems evaluated. 

6.2 IN-FLIGHT SIMULATION OF THE UNAUGMENTED AIRCRAFT 

The purpose of this section is to describe the longitudinal charac- 

teristics of the unaugmented simulated aircraft and the modification of the 

existing NT-33A VSS to achieve the desired in-flight simulation of this air- 

craft. A point to be stressed here is that the essential characteristics of 

the unaugmented simulated aircraft are those typical of modern high perform- 

ance fighter aircraft; it was not an intent to simulate a specific aircraft. 

The NT-33A VSS was modified and used to simulate the varying characteristics 

of the unaugmented aircraft over the flight envelope as indicated in Figure 32. 

6.2.1   Longitudinal Characteristics of the Unaugmented Simulated Aircraft 

The many flight parameters that influence the longitudinal dynamic 

characteristics of the modern high-performance fighter aircraft include, for 

example, dynamic pressure, angle of attack, e.g. location, Mach number, and 

altitude. However, since the major interest of this research program was to 

focus on and accentuate the essential features with which the designers must cope 

in synthesizing the flight control systems for this type of aircraft, the follow- 

ing relationships were used for the three major stability and control deriva- 

tives of the longitudinal short period dynamics. 

M 5. 

M oc 

M 

t-st 
xy 

t sc' 
w 

§- s<= 

w. ^ tf) (6.1) 

777  (a, e.g. location) * ft   (£,<*, e.g. location) 
or ' 

t y zv 
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The use of these functional relationships also substantially simplified the 

in-flight simulation, as discussed later in this section.  In equations (6.1) 

the values of C 

C. 

and C^.  were assumed to be constants and were chosen to be 

*,.    = -0.53 
de. 

'f 7>7 >m 
l/rad 

-3.35 
(6.1a) 

respectively. As indicated in (6.1), C^ is a function of oc and e.g. location. 

This functional relationship is shown in Figure 33. The effect of Mach number 

was also included in Cw as an effective e.g. shift; when passing through the 

transonic speed range, the effective shift in the aerodynamic center was 

mechanized as a function of time through use of a first-order filter with a 

two-second time constant to simulate a smooth transition. The safety pilot 

(per radian) Supersonic, forward e.g. 

^, Supersonic, aft e.g. 
"ulisonic, mid e.g. 

tu (deg) 

Subsonic, aft. e.g. 

Figure 33    C-    FOR THE UNAUGMENTED SIMULATED AIRCRAFT 

operated a switch ON and OFF at an appropriate flight condition to realistically 

simulate the Mach effect on C— of the simulated aircraft. The total C, 

was mechanized as shown in Figure 34. 

'tn (X 

This value was used in calculating N\c , thus including the effect of C ■m- 
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Nonlinear function 
of A 

= 0.40 

Mach 
Effect I 

CG. Effect 

Figure 34    MECHANIZATION OF C m. ot 

Table VIII compares the M^ iM, .and Mr of the unaugmented simulated aircraft 

with those of the F-4E at gross weight = 38,735 lb, e.g. = 0.306 c", in a clean 

configuration (Ref. 10). Recall once again that the purpose of this in-flight 

investigation was not to simulate a specific aircraft such as the F-4E. 

Table VIII instead, compares the possible range of parameter values that can 

be simulated, and shows that these values are representative of a high- 

performance fighter aircraft. 

Note also that the derivatives Z^ and Zr , which also influence the 

short-period dynamics, are characteristics of the NT-33A airframe, and they 

will not be affected by the VSS. The lateral-directional characteristics of 

the simulated aircraft are discussed in paragraph 6.5.2. 

10. R.L. Kisslinger and G.J. Vetsch, "Survivable Flight Control System 
Interim Report No. 1 Studies, Analyses, and Approach," AFFDL-TR-71-20, 
Supplement 2, May 1971. 
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6.2.2 Method of Simulation 

To realistically simulate the short-period dynamic characteristics 

of the unaugmented airplane that continuously vary in the desired manner with 

flight conditions along the flight profile described above, the existing NT-33A 

VSS was modified. The modification involved mechanizing the feedforward gain 

Kr -Se &c      and the feedback gains K^ = SjAoc  andKo-6c/^ as functions of 

flight conditions. 

Figure 35 is a block diagram of the modified mechanization of the VSS, 

(SHOWN WITH CONTROL SYSTEM DISENGAGED) 

Figure 35     MODIFIED VSS MECHANIZATION 

To achieve desired values of f^c   ,M&,  and M    in  (6.1),  the required 

feedforward and feedback gains are given by: 

K f     - 

K, 

K x 

K 

se( 

^ 

AöC >n 
5r 

K, 

«c. 

-m 
St 

■7n 
Ser 

frj   IV      "tfr     ZM Tttt (6.2) 

f 
h ""T-K ~     rn OC 
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where Kc = Scyd^ and the subscript T  denotes the NT-33A basic aircraft. For 

specific simulation in this program, constant values ofC-,  . C_  . and C^. 

were used, although these coefficients are, in general, functions of Mach 

number (and e.g. location for c^. ), as shown in Reference 6. The values used 
m<CT 

in this simulation were 

Crns        = -0.92    (1/rad) 

C      = -10.50 (including C^,.   1/rad)  [ (6.2a) 
f T '*• r 

Cw     = -0.56    (1/rad) 

The term/'_£-j///^ ) in equations (6.2) was calculated using the following 

geometrical values: 

Simulated Aircraft NT-33A 

s 530 ft2 235 ft2 

c 16.05 ft 6.72 ft 

I 
y 

180,000 slug-ft2 (@ takeoff) 

120,000        (@ landing) 

20,000 slug-ft2 

and the flight conditions shown in Figure 32. However, to simplify the in- 

flight simulation, the following linear approximation was employed in this 

program: 

K  c i—) = 0.7 t  0.0032 f. T C6-3) 
*<c.r /[   ir J 

as shown in Figure 36. 

The numerical values given in equations (6.1a), (6.2a), and (6.3) 

represent the desired values in this program. Also, a mid e.g. which 
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corresponds to c^, = -0,15 at ac = 0 (see Figure 33) was chosen in this experi- 

ment. To determine the actual characteristics of the unaugmented simulated 

aircraft, an advanced digital identification computer program was used, as 

described in Appendix II, to extract the actual stability and control deriva- 

tives from the flight test data. Tl./s work is discussed further in the next 

section. 

6.2.3   Identification of the Unaugmented Simulated Aircraft Characteristics 

From Flight Data 

The longitudinal characteristics of the unaugmented simulated aircraft 

described in paragraphs 6.2.1 and 6.2.2 were used as the basic data in the 

design of the flight control systems, as discussed in the next section. It was 

important to identify the actual dynamic characteristics of the unaugmented 

simulated aircraft from the flight test data to correlate with the basic 

design data. Then valid conclusions may be drawn from the in-flight evaluation 

of the control systems designed. Furthermore, since the unaugmented aircraft 

was also evaluated in flight as a basic configuration, it is essential to use 

the identified parameters to correlate with the pilot comments and ratings. 

A Calspan-developed advanced recursive identification technique 

(Ref. 11 and 12), known as the locally iterated, fixed-point smoothing tech- 

nique, was used to identify the longitudinal stability and control derivatives 

of the short-period dynamics from the flight test data. A description of the 

equations and procedure employed is given in Appendix II. 

11. R.T.N. Chen, B. Eulrich, and J.V. Lebacqz, "Development of Advanced 
Techniques for the Identification of V/STOL Aircraft Stability and Control 
Parameters," Calspan Report No. BM-2820-F-1, August 1971. 

12. R.T.N. Chen and B. Eulrich, "Parameter and Model Identification of Non- 
linear Systems Using a Suboptimal Fixed-Point Smoothing Technique," 
JACC Preprint, pp. 731-740, August 1971. 
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Two flights  (1402 and 1407) were flown to obtain the data records at 

the fixed operating points shown in Table IX for both the unaugmented simulated 

aircraft and the four augmented aircraft configurations discussed earlier. The 

capability for simulating the effects of a e.g. shift, shown in Figure 34, was 

only partially used in the in-flight evaluations. hCy»    = -0.10 was used to 

simulate the separation of bombs during the ground attack Flight Phase, but 

no further e.g. shifts per se were exercised. 

Table IX 

DEFINITION OF NT-33A FLIGHT CONDITIONS (F.C.) 

F.C, Altitude 
(thousands of ft.) 

Airspeed 
(KIAS) 

Remarks 

0 5,000 250 System engaged 

1 12,000 250 Mach effect off 

2' 5,000 3J0 Before bomb pickle 

2 5,000 330 After bomb pickle 

2a 25,000 210 Mach effect off 

2b 25,000 220 Mach effect on 

3 25,000 270 Mach effect on 

4 25,000 170 Mach effect off 

5 * 12,000 370 Mach effect on 

5a* 12,000 330 Mach effect off 

6 * 2,000 140 Gear down, flaps down 

Speed brake out 

♦Difficulties encountered in processing the raw flight data for 
parameter identification. 

Control inputs used were steps and doublets.  Figure 37 shows a typical re- 

sponse match of an identification run, and Table X shows the parameters iden- 

tified.  Figures 38 and 39 compare the parameters identified with the design 

data. As can be seen, some discrepancies exist between the design and 

identified data. The difference in »/et , as indicated in Figure 39, may be 
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Figure37     COMPUTER IDENTIFICATION, AIRCRAFT RESPONSE MATCH, 
F.C. = 0, CONFIGURATION 111 
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Table X 

PARAMETERS IDENTIFIED FROM FLIGHT TEST DATA FOR CONFIGURATION H-l 

RUN 
NO. 

FLIGHT 
NO. 

FLIGHT 
CONDITION za \ Wa M'q 

M'F    * 

(DIM.) — — 1/sec deg/sec-lb 1/$ec2 1/sec deg/tec2-lb 

6 1402 0 -1.194 -0.00079 0.832 -1.155 -0.374 

54 1 -1.312 -0.00653 -1.630 -0.988 -0.370 

23 2' -2.017 0.00323 -5.188 -1.655 -0.791 

51 2 -2.087 0.00178 -8.822 ■1.483 -0.788 
24 1407 2b -0.833 0.00160 -4.762 -0.709 -0.249 
51 1 3 -1.345 0.00832 -14.420 -0.818 -0.460 

RUN 
NO. 

FLIGHT 
NO. 

FLIGHT 
CONDITION 

TRUE 
AIRSPEED 

VT 

n/a Fs/n WSP ^SP 

(DIM.) - - ft/iec g/rad Ib/g rad/tec - 

6 1402 0 455 16.88 20.18 1.49 0.79 

G4 1 505 20.66 21.94 1.71 0.67 

23 2' 625 37.58 16.44 2.92 0.63 

SI 2 625 38.89 22.26 3.45 0.52 

24 1407 2b 560 14.49 83.17 2.29 0.34 

51 1 3 685 28.59 67.64 3.94 0.27 

•PRIME SIGNIFIES THAT THE EFFECT OF THE M& DERIVATIVE IS INCLUDED 

98 

.->-^ ■-^^.,..-..—^  ■ ■ 1 irm-Ki- ■ 



1    '  u"   ll- I " wwtii't'iMif^rmmn^^^i^^mmm '    I»"   ..lll..»^^BWpW^WfWJIII|1J,     I    1    11,1 

l   DESIGN DATA 
A   RESULT IDENTIFIED FROM FLIGHT TEST DATA 

ySP 0.35 
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Figure 38   SHORT PERIOD ROOTS OF THE SIMULATED AIRCRAFT - A COMPARISON 
OF THE DESIGN DATA AND IDENTIFIED DATA 
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CJ   , rad/sec    - 
sp B 

10 20 
n/ a , g/rad 

Figure 39   COSp vs n/a   FOR THE UNAUGMENTED SIMULATED AIRCRAFT 

100 

. 

  -■ ■■--■■   ■-■■--■  - - ■—^—■ " --.,■ .■ ^^^j^m^ämltum^  '—-~ ^~~^—^^.~*naii 
t^mmilmmmm 



*m~mmmmm*mmnr 

partly attributable to the difference in gross weight of the NT-33A; for the 

design data, a constant gross weight of 15,000 lb was assumed, whereas the 

actual weight changes as the fuel is consumed. Also, for the higher speed 

flight conditions, no compressibility corrections were applied to the M = 0 

data used from Reference 6. 

From Figures 38 and 39, it would be expected that the unaugmentcd 

simulated aircraft would have poor flying qualities, as was confirmed by 

Ln-flight evaluations, which are discussed in Section VII. 

6.3     DESIGN OF FLIGHT CONTROL SYSTEMS 

Four different flight control systems were designed around the 

unaugmented simulated aircraft, using combinations of various sensors for 

feedback. The following paragraphs discuss the philosophy, criteria, and 

procedure employed in designing these flight control systems. The final design 

configurations and the identification of the augmented aircraft from the flight 

test data are also presented. 

6.3.1   Design Philosophy and Criteria 

Since the longitudinal flight control systems considered here were 

restricted to only the pilot assisting, inner-loop, command augmentation sys- 

tem, manual control theory was used as the theoretical base from which to 

design these systems. The fundamental philosophy that guides the design of 

manual flight control systems may be stated in simple terms as follows: 

(1) The closed-loop pilot-vehicle performance must meet 

certain performance measures, and 

(2) To meet the performance measures, the pilot must be comfortable, 
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1 
The first requirement is clearly necessary if the man-machine system is to 

achieve the performance level called for by the required missions or tasks. 

The comfort of the pilot in the second requirement may be manifested in the 

following conditions: 

(A) The pilot is not required to provide compensation. 

Mathematically, the dynamic model of the pilot may 

be constrained, therefore, to an approximate expression 

0.2 ^ 7"^ 0.4 second 

(6.4) 

(B) The pilot's maneuvering force must be within certain 

bounds and compatible, in the case of the longitudinal 

control system, with pitch sensitivity. 

These requirements must be quantified before the design can commence. 

The quantitative requirements of (1) and (2) have been proposed by Neal and 

Smith (Ref. 1 and 4), as shown n Figures 40a and 40b. 

In Figure 40b, the bandwidth (BW) . is defined as the frequency at 

which the phase angle i -5- is -90°. For fighter type aircraft, the bandwidth 

required depends on the Flight Phase. In Reference 4, it was proposed that 

the following minimum values are required for Level 1 flying qualities. 

Flight Phase (BW) 
nun« rad /sec 

A 3 

B 1.2 

c 1.2 
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4 
PILOT 

FCS PLUS 
AIRFRAME 

_Ov 
öpf«) 

r
S 0 9 

-1 r 

Figure 40a       MATHEMATICAL MODEL OF PITCH ATTITUDE TRACKING (REF. 1) 

#1 
A/ dB 

+10T- 

■10J- 

(BW), MIN 

w 

LEAD 

PILOT COMPENSATION,    « .«. 'v DEC 
PC 

Figure 40b      NEAL-SMITH PERFORMANCE CRITERION (REF. 1) 
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Quantitative requirements for (2) have also been proposed in Reference 4, as 

follows: 

14- 

V") V 
16.5) 

uJ >   I  rad/sec 

v 
e < 3.6 rad/sec /g (6.6) 

Mdx 

where >? denotes the 1: .nit of load factor based on structural considerations, 
L 

6.3.2   Design Procedure 

6.3.2.1 Preliminaries 

Some preliminary steps were taken to simplify the design procedure 

based on the design criteria described in the preceding section. Using the 

transfer function, V 
M. ( S + Ä J (6.7) 

in the short-period dynamics, the ranges of £     (particularly/ ? 0.7) and 

W^p that satisfy the closed-loop performance of Figure 40b were first deter- 

mined by imposing the "comfortable" pilot model shown in Figure 40a. 

0.3 GpCS)  =   KpzU*{TLS + ') ,  0* \   *    0.2 (6.8) 

where the range of Tj_ was so chosen that the Level 1 region of the Neal and 

Smith criterion was attained for all the Flight Phases (Figure 40b). This 

task was somewhat simplified by imposing the definition of the bandwidth,^ , 

yielding a necessary condition: 
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A  2  A 

^„M 
^^P ^sp^ 4-^^SP

2-^a;6 
P ' F. A1 + B 2- 

(6.9) 

A 

ß = ^ 

- ^ TL 
Cosfo.i UJg) +   UJB 

T, 
1 +• 

ö. 

^z 

C O5^0. 3 6^g ) 

sot  (^0.3 ^^ ) 

5i->t (^0, 5 6(>5^ 

Figures 41a through 41d show some sample examples of the closed-loop Bode 

plots using equation (6.9). Note that these cases meet the Level 1 require- 

ments of MIL-F-8785B(ASG). 

The results of this preliminary step can be stated as follows: For 

a constant-speed dynamic model of the unaugmented aircraft, the right-hand 

portion of the Level 1 region in Figure 40b (which corresponds to TT = 0 to 

TL =  0.2 sec) maps into the lower two-thirds portion of the Level 1 region in 

Figure 39; the lower limit of the Level 1 region in Figure 39 corresponds to 

TL  = 0.2 sec. A line for ",_ = 0 would be approximately two-thirds the distance 

between the lower Level 1 boundary and the upper Level 1 boundary in Figure 39. 

The desirable range of the damping ratio was found to he % i. 0.7. 

No attempts were made to correlate the left-hand portion of the 

Level 1 region in Figure 40b (which requires some lag compensation by the 

pilot) with the Level 1 region in Figure 39. 

This preliminary step thus simplifies the procedure of longitudinal 

control system design, if an attempt is made not to increase of the order of 

the augmented aircraft. The designer may, for instance, choose ^.p^^.l  and 

directly use the criterion required in Figure 39. The resulting augmented 

aircraft would then satisfy the pilot-vehicle closed-loop performance require- 

ments. Furthermore, by choosing J' ^ 0.7, the condition shown by equation (6.6) 

would also be automatically satisfied. 
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Figure 41 CLOSED-LOOP BODE PLOTS USING EQUATION 6.9 
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To meet the requirement given by equation (6.5), another preliminary 

step was taken to examine the effect of feedback and feedforward on the pilot's 

maneuvering force. The feedback variables considered were«, >»» , andac . The 

use of the first two variables is somewhat standard; their effect on the 

dynamic characteristics of the augmented aircraft has been discussed at length 

elsewhere (see, for instance. Reference 13). The use of oc has been shown to 

be very desirable, especially in improving the flying qualities of fighter 

aircraft in high x operations (References 3, 14, 15). 

Figure 42 is a block diagram of the flight control system configura- 

tion considered and evaluated in this program. 

(1) (2) (3) 

Stick 
Force 

Breakout 
Force 

Prefilter <ß 
rCt) 

Forward- 
Loop 

Compensator 

Simulated 
Aircraft 
Dynamics 

«C.^Ar,^ 

Figure 42      BLOCK DIAGRAM OF FLIGHT CONTROL SYSTEM CONFIGURATION FOR 
EVALUATION 

13. 

14. 

15, 

J.N. Ball and E.G. Rynaski, "Longitudinal Flight Control for Military 
Aircraft -"A Study of Requirements and Design Concepts," Calspan Report 
No. ID-1757-F-1, October 1963. 

D.P. Rubertus, "Twead Control Augmented System," Paper presented at the 
N.A.E.C, Dayton, Ohio, 15-17 May 1972. 

R.T.N. Chen, et al., "Development and Evaluation of an Automatic Departure 
Prevention System and Stall Inhibitor for Fighter Aircraft," Calspan 
Report No. AK-5112-F-1 (AFFDL-TR-73-29), April 1973. 
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Some pertinent features of the flight control system components were 

as follows: 

(1) Breakout Force 

Output 
(lb) 

(Input, lb) 

The breakout forpe and the force gradient were variable and the final 

values used were set to ±1.5 lb and 1 lb respectively. 

(2) Prefilter 

The first-order prefilter had a transfer function of the form: 

-gy? our V» 

'S ■& cur (6.10) 

where toc was ground adjustable in the range 1 ^ "^ - 10 rad/sec. The prefilter 

could also be by-passed. 

(3) Forward Loop Compensator 

The forward loop compensator was of the form: 

* (" *, i) (6.11) 
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providing proportion plus integral control in the forward loop. In this mech- 

anization,/^ was a function of dynamic pressure, J, and X  was a constant 

which could be set to zero. 

(4)    Blender 

eft) *   /<     *   * <, 4 
** 

+ K   Si 
oc (6.12) 

/< , k ,  and /Vwere constants  (but adjustable and could be set to zero)  and 

$   and oc are defined by equations 6.13 and 6.14. 

(5)     Filters 

The filters were of the first-order form 

#w uJ or 
tf* cJa 

(6.13) 

u). 
^Cs) 
*7 
} 

<S-/- u) (6.14) 

> 
where oi^ and u)^ were adjustable, but were set at 15 rad/sec 

for all evaluation flights as discussed on p. 117. 

With the configuration considered, it can readily be shown that the steady- 

state value of —itf'is given by 

Fs 3 S 
; 

«M 
T*z        ' 

^SP    ^ «M^ *% f^t("/f 
*=0   (6.15) 

=    1/ 
/ 

/ 

K. ? o 
A. 

(6.16) 
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which indicates that with integral control in the forward loop the steady- 

state stick force per g is a function of only the feedback gains Kq and K , 

and the true airspeed. The integral control was included as an additional 

configuration in this in-flight investigation because of its desirable "autotrim" 

feature as experienced in the Twead program (Ref. 14). It should be pointed 

out, however, that to achieve the autotrim capability, the ocfeedback must be 

deleted. Otherwise, an increase in airspeed would result in a nose-up pitch 

rate, and the stick would have to be pushed forward to re-trim the airplane. 

6.3.2.2 Design Procedure for K. = 0 

Three configurations as described earlier in paragraph 6.1.1 were 

designed around the unaugmented simulated aircraft (Configuration 11-1) with- 

out using integral control in the forward loop. In designing these systems 

an attempt was made to not increase the order of the system through a direct 

feedback of the airplane response variables oc, a,  and >r-     , where tf*^ is the 

normal acceleration near the pilot station. As a result, the useful simpli- 

fications discussed above became directly applicable. The design procedure 

used was as follows: 

(1) Select a desired range for short period undamped natural 

frequency u).p according to flight condition (designated 

here by *?/«.)  as shown in Figure 43, Note that the flight 

conditions 3 and 5 were in supersonic flight and their 

£   range was selected differently from that for the sub- 

sonic flight conditions because the uJspof the unaug- 

mented simulated airplane was within the desired range. 

Sufficient margins from the Level 1 boundaries were pro- 

vided to allow for possible uncertainty in the mechaniza- 

tion of the unaugmented simulated aircraft and the flight 

control systems. 
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SP 0 

S 10 
n/ a . g/rad 

100 

Figure 43     DESIGNED RANGE OF Cü^pvs n/cr 
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(2)    Calculate,  at each flight condition,  the gains A^ , K , 

%^ 
A ** 
1 *i 

It ,  and X  for both the lower and the upper value of 
r 

Q)   , using the following set of equations, 
s? 

See Appendix IV. 

(^p-^p)*^ 2$   CO    - 
^SP   SP 2^ P-^SP, >) *k. 

f 

{    SP        -SPJ [     sr> SP     Tg  j \    SP   3P S    SpJS-'SP    ? T  ) 
(6.17a) 

KM. K 
'S-   % 

Z£ 7SP ^SP - Z*se ">< SP 

zis> - 
SP &> t) ^^ 

(6.17b) 

A Z 
CO 'SP 

A/ 
/ ^ ^ ^ ^ 

^ ^ 
where A' is the desired stick force per g, and /< is  fhe 

forward loop gain.  In this program, /V was set at 5 Ib/g 

and the desired short-period damping ratio, £   , set at 1. 

For configuration II-3, it is obvious that the solution 

is not unique (three equations for four parameters). 

Several values of the ratio X^/X may be tried and then 

one value judiciously selected that would yield proper 

gain levels and require no use of positive feedback. 

(3) Schedule the gains. For sake of easy mechanization, the 

feedback gains were held constant in this program. The 

forward loop gain K was, however, scheduled as a function 

of the dynamic pressure. Figures 44(a) and 44(b) show 

an example of gain scheduling for configuration 11-4. 

(4) Check to see if all the design requirements are met 

using the scheduled gains.  If not, go back to step (3). 

(6.17c) 
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Figure 44a       GAIN SCHEDULE OF THE FORWARD LOOP 
GAIN FOR CONFIGURATION 11-4 
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Figure 44b      RANGES OF FEEDBACK GAINS, Kn AND K. AT VARIOUS FLIGHT 
CONDITIONS FOR CONFIGURATION 11-4    q 

113 

      v^Y,.^,,.....^.  .    „.■,   .    .. . 
- ■   ■   mm ttmtmimmimimmm 



iflafiaL«j^iyu^W!illii*^!i1^ M.i ji.in^iWMWMfliyMW»" 
W|^lWWI".ilW^l)Fi»^'l-",^ff-,,^*'-'-''.'''l<-''''M^'l?Tr; 

6.3.2.3 Design Procedure for Kt =^0 (Configuration II-5) 

The purpose of designing the configuration, which utilizes a propor- 

tional plus integral control in the forward loop and a prefilter to shape the 

pilot's force input, was to compare directly with Configuration II-4. Recall 

that Configuration I1-4 used neither the integral action in the forward loop 

nor the pilot's prefilter, although the same feedback signals; i.e., cu 

and«, were employed. With this preselected configuration, the open-loop 

transfer function for Configuration I1-5 becomes (see Figure 42 with the oc 

fesdback and sensor filters deleted): 

-   &   6 kt (5^M (
5
"T7J 

sO + ^c) (S
3^ «.2 S -t- a, S+ a.0) 

(6.18) 

where 

u;c K 

' -i- K   K, 
£ 

7 r 

t +< ^   A. 

(6.19a) 

(6.19b) 

(6.19c) 

U),   - 

zS,";, 

2- &6P ^sr ^^ tJ^Al^A^l 
I + K  Ki 

^L  (  *1  ) 

_21 f — ) 
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The procedure utilized in determining the five parameters CO-.k'K^'K» and 

K in Eqs. (6.18) and (6.19) was essentially trial and error using the follow- 

ing steps. 

where 

(1) 

(2) 

(3) 

A 

6 

C 

Choose several values ofK.JKy, and use equations (6.16) to 

calculate k^ necessary to achieve the desired stick force per 

g for all the flight conditions. In this program the selection 

of candidate values of K /K^ was guided by the value used in 

Configuration II-4. 

Choose a constant K^, for each value of ^j^rt that  will achieve 

the minimum stick force per g requirement (N = 5 Ih/g  in this 

program) for all the flight conditions. Thus, for each level 

of K-lKyf,  a pair (KypK ) is obtained in order to achieve a con- 

figuration with constant feedback gains. 

For each pair of (/<„.!< ) obtained in step (2), choose a value 

of u>c  and obtain a pair of forward loop gains K and K^ that 

satisfy the closed-loop performance requirement at each flight 

condition. This step was simplified somewhat by imposing the 

the definition of the bandwidth, ^, in equations (6.8) and 

(6.18), yielding 

-CCA + DB) 
Kp l<t 

Aa
+ 8l 

(6.20) 

^ ^6   - "O 
(fa,-6.67;+  rL(b0-6.67b,) 4.67ba 

-^ <J» ^(b.-rfu?; 

a., + <LL (6.67+ (<JC) 

(b0-6.6.7bl) ~i..i7b0TL 

s   ' 'o'a  ( «.„ y 6 fc 7 + ^cj + 045 *-. f a-, C6 67 ^"^c) uJB (<* (,7üJC a-J 

bo-- 

t(   = e: 
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Note that this step is analogous to that used in obtaining the 

required^"sp and <dsp using equation (6.9) as discussed earlier 

in the preliminary steps. In obtaining equations (6.20), however, 

a Fade" approximation was used for the delay term e' * s, i.e. 

(6) 

•0.3s 6.67 
s + 6.67 

(6.21) 

(4) Repeat step (3) using other values of «Jc as required. In this 

program two values of<^, 4 and 10 rad/sec were tried. 

(5) Repeat step (3) using other pair of (/^.K ) obtained in step 
o 

(2). The above steps will result in a set of candidate systems. 

%■ 

each with the desired set of parameters t^t K> K:. K^ and < 

that satisfy the closed-loop performance and stick force per g 

requirements. 

Check the pitch sensitivity requirement given by (6.6) for the 

candidate systems obtained. 

6.3.3   Designed Longitudinal SCAS for In-Flight Evaluation 

The procedure for designing the longitudinal stability and control 

augmentation system (SCAS) discussed in the preceding section was used to 

design the four SCAS configurations around the unaugmented simulated aircraft. 

This procedure was a typical classical frequency domain method. A modern 

optimal control method similar to that used in Reference 16, however, should 

also be investigated. The design parameters are shown in the following table; 

16. R.T.N. Chen, "A New Analytic Approach to Flight Director Design," Calspan 
X-22A TM No. 66, 25 September 1973. 
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Table 21 
SCAS DESIGN PARAMETER VALUES 

Configuration II-2 II-3 II-4 II-5 

| K^ (Ib/rad) 20 10 1 

| Ko. (Ib/rad/sec) 33 33 33 49 

K,, (lb/g) -- 0.52 1.30 1.90 

K  (rad/lb) 

K^ (rad/sec) 

5.5 6.0 7.5 

f 
5.5 

0.4 

^ (rad/sec) -- -- -- 4    | 

In the early functional check flights without incorporating the sensor filters, 

it was found that there was high frequency noise ( si 20 cps) contaminated in 

the TU signal.  In all the evaluation flights, the first-order sensor filters 

were introduced with their corner frequency^ and «^ (see 6.13 and 6.14) 

set at 15 rad/sec, which was in a high enough frequency range as not to severely 

affect the designed SCAS. 

Flight data of these augmented configurations were taken following 

the evaluation flights for parameter identification and correlation with the 

pilot ratings and comments. This is discussed in the next section. 

6.3.4   Identification of the Augmented Aircraft Characteristics from 
Flight Data " "" 

The stability and control derivatives in the short-period dynamic 

equations were identified from the flight test data for the four augmented 

configurations at various flight conditions. The equations and identification 

technique used were the same as those used for the simulated unaugmented air- 

craft discussed earlier in paragraph 6.2.3. More details can be found in 

Appendix II. The identified stability and control derivatives were then used 

to calculate ^ . u^p, 77/oc and Fs /r?, the stick force per g. These identi- 

fied parameters were given in Tables XII through XV for Configurations II-2 
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Tableau 
PARAMETERS IDENTIFIED FROM FLIGHT TEST DATA 

FOR CONFIGURATIONn-2 (oL.q SYSTEM) 

RUN 
NO. 

FLIGHT 
NO. 

FLIGHT 
CONDITION 

za S "a M'q 
MV 

FS 

(DIM.) - - 1/tec deg/sec-lb 1/»ec2 l/sec deg/sec2-lb 

10 1402 0 1.271 -0.0056 -1.563 -6.553 -2.310 

57 1 1.274 -0.0093 -2.043 -5.676 -2.102 

26 2' 1.865 0.0003 -4.366 -7.731 -2.550 

48 2 2.028 -0.0018 -6.471 -7.157 -2.416 

20 1407 2a 0.854 -0.0030 -0.890 -0.538 2.011 

27 2b 0.900 -0.0026 -5.681 -5.359 -2.059 

48 3 1.306 0.0064 -15.480 -6.441 •2.409 
57 4 0.701 0.0002 0.995 -6.887 -2.594 

RUN 
NO. 

FLIGHT 
NO. 

FLIGHT 
CONDITION 

TRUE 
AIRSPEED, 

VT 
n/a Fs/n WSP fSP 

(DIM.) - - ft/$ec g/rad Ib/g rad/sec - 

10 1402 0 455 17.96 13.70 3.15 1.24 

57 1 505 20.06 12.64 3.05 1.14 

26 2' 625 34.75 12.18 4.34 1.11 

48 2 625 37.79 13.17 4.58 1.00 

20 1407 2a 530 14.06 11.11 2.34 1.33 

27 2b 560 15.66 18.66 3.24 0.97 

48 3 685 27.77 20.48 4.89 0.80 

57 4 420 9.35 6.05 1.60 1.94 
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Table ZIE 
PARAMETERS IDENTIFIED FROM FLIGHT TEST DATA 

FOR CONFIGURATION 11-3 ( oC ,<%, n SYSTEM) 

RUN 
NO. 

FLIGHT 
NO. 

FLIGHT 
CONDITION Z« z's M'a M'q FS 

(DIM.) - 1/sec deg/sec-lb 1/iec2 1/iec deg/tec2-lb 

13 1402 0 ■1.227 •0.0046 1.549 -7.046 -2.554 

59 1 •1.267 -0.0060 0.581 -6.146 -2.278 

29 2' -1.885 -0.0010 0.073 -7.932 -2.687 

44 2 -1.994 0.0068 -3.304 •8.393 -2.766 

11 1407 2a -0.823 0.0003 1.174 -6.414 -2.472 

30 2b -0.877 0.0019 -3.584 •5.877 -2.182 

45 3 -1.333 0.0083 -12.200 •6.760 -2.500 

60 4 -0.697 0.0029 1.692 -6.583 -2.494 

69 1402 5a -2.126 -0.0116 •4.764 -7.917 -2.628 

RUN 
NO. 

FLIGHT 
NO. 

FLIGHT 
CONDITION 

TRUE 
AIRSPEED, 

VT 
n/a Fg/n «SP ^SP 

(DIM.) - - ft/sec g/rad Ib/g rad/sec - 

13 1402 0 455 17.34 9.16 2.66 1.55 

59 1 505 19.95 9.05 2.68 1.38 

29 2' 625 35.12 9.05 3.86 1.27 

44 2 625 37.15 11.19 4.48 1.16 

11 1407 2a 530 13.55 7.05 2.03 1.79 

30 2b 560 15.26 15.07 2.96 1.14 

45 3 685 28.34 17.19 4.61 0.88 

60 4 420 9.29 7.17 1.70 2.14 

69 1402 5a 475 31.36 15.01 4.65 1.08 
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Table Zn? 
PARAMETERS IDENTIFIED FROM FLIGHT TEST DATA 

FOR CONFIGURATION 11-4 (r^ q SYSTEM) 

RUN 
NO. 

FLIGHT 
NO. 

FLIGHT 
CONDITION 

Za % 
Ma % M>s 

(DIM.) - — 1/sec deg/sec-lb 1/sec2 1/sec deg/sec-lb 

16 1402 0 •1.230 -0.0040 5.526 -7.224 -2.616 

61 1 -1.309 -0.0035 3.299 -6.782 -2.535 

32 2' -2.001 0.0057 5.949 -8.597 -2.891 

41 2 -2.013 0.0011 4.950 -9.254 -2.947 

33 1407 2b -0.913 0.0022 -0.726 -6.570 -2.446 

42 1 3 -1.347 0.0100 -6.149 ■7.543 ■2.725 
67 1402 5a -2.138 0.0001 4.209 -8.552 -2.775 

RUN 
NO. 

FLIGHT 
NO. 

FLIGHT 
CONDITION 

TRUE 
AIRPSEED, 

VT 

n/a Fs/n ^SP ^SP 

(DIM.) - — ft/sec g/rad Ib/g rad/sec — 

16 1402 Ü 455 17.38 4.22 1.83 2.31 

61 1 505 20.61 6.11 2.36 1.71 

32 2' 625 37.28 6.00 3.35 1.58 

41 2 625 37.51 7.10 3.70 1.52 

33 1407 2b 560 15.88 9.97 2.60 1.44 

42 1 3 685 28.63 11.99 4.04 1.10 

67 1402 5a 475 31.54 9.21 3.75 1.42 
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TablelZST 
CONFIGURATIONn-5, PARAMETER IDENTIFIED FROM FLIGHT TEST DATA 

- PREFILTER NOT INCLUDED 

RUN 
NO. 

FLIGHT 
NO. 

FLIGHT 
CONDITION 

Za S Ma M'q MV 
FS 

(DIM.)   Vsec deg/sec-lb 1/$ec2 1/sec deg/sec2-lb 

19 1402 0 -1.259 -0.0052 8.578 -10.17 -2.606 

63 1 -1.394 -0.0022 10.250 -12.81 -3.101 

35 2' •1.905 0.0066 18.670 •15.30 3.568 

38 2 -1.886 0.0098 15.360 •13.96 -3.156 

65 
i 

5a -2.S47 0.0009 25.620 •17.49 -3.851 

17 V 07 2a -0.847 -0.0049 6.187 -11.29 2.936 

36 2b -0.953 0.0047 2.312 -12.80 3.074 

39 3 -1.157 0.0167 1.214 -11.73 -2.751 

69 ' ■ 6 •0.857 -0.0045 5.082 -10.95 -2.808 

RUN 
NO. 

FLIGHT 
NO. 

FLIGHT 
CONDITION 

TRUE 
AIRSPEED 

n/a Fs/n »P f.p 

(DIM.) — ft/iec g/rad Ib/g rad/sec — 

19 

63 

35 

38 

65 

17 

36 

39 

69 

14 

i 

14 

02 

07 

0 

1 

2' 

2 

5a 

2a 

2b 

3 

6 

455 

505 

625 

625 

475 

530 

560 

685 

245 

17.79 

21.95 

35.50 

35.14 

37.57 

13.94 

16.58 

24.60 

6.52 

5.24 

6.41 

4.75 

5.66 

7.49 

4.74 

11.08 

10.49 

13.46 

2.06 

2.76 

3.24 

3.31 

4.35 

1.84 

3.14 

3.52 

2.07 

2.78 

2.58 

2.66 

2.39 

2.30 

3 31 

2.19 

1.83 

2.85 
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through II-5, respectively. Since the form of the transfer functions for the 

first three configurations are not significantly affected by the control 

system, the values of Ul^p  vs Tfic were plotted, respectively, in Figures 45 

through 47.  Because the form of the transfer function of Configuration II-5 

is of higher order, oJ^p vs 7?/oc criterion is not directly applicable for this 

configuration and hence these parameters are not plotted. 

From these tables and figures, the following observations may be made: 

(1) The damping ratios identified for all the configurations are 

above 0.8 at all the flight conditions. Therefore, the A/Sf> vs 

n/ac criterion and the Fs/n are all the requirements that the 

first three augmented configurations (I1-2 through 11-4) must 

meet (see paragraph 6.3.2). As far as the flight conditions 

at which the parameters were identified, all the Level 1 require- 

ments were met, with one exception: flight conditions 0 and 1 

in Configuration II-4 were slightly outside the Level 1 bounds. 

(2) The Z^ values identified for all the configurations are, 

as expected, very close at the same flight condition. 

(3) Comparing Figures 45 through 47 with the design data, on Figure 

43 the iJiP  identified seems to be uniformly smaller than that 

for the design data. This same trend was also seen in the 

unagumented simulated aircraft, as mentioned earlier (see 

Figure 39). One possible reason for such discrepancies can be 

attributable to e.g. location; the e.g. location of the unaug- 

mented aircraft may have been set inadvertently more aft than 

intended, so that the C^^ of the unaugmented aircraft may have 

become less stable than the data used in the design of the SCAS. 
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40 

IDENTIFIED FROM 
FLIGHT TEST DATA 

20- 

10- 

U)   , rad/iec    o 
SP 

1 2 4 6 10 20 40      60 100 
n/ or , g/rad 

Figure45    USpvs n/a   - - CONFIGURATION Q-2 ( OT, q SYSTEM) 
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40 

20 

10 

u    , rad/sec      6 
SP 

IDENTIFIED FROM 
FLIGHT TEST DATA 

2 4 6 10 20 40       60 100 
n/a , g/rad 

Figure46    Wgpvs n/cr  - - CONFIGURATION II-3 ( a. q, n   SYSTEM) 
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20 

10 

u    , rad/iec      6 
SP 

IDENTIFIED FROM 
FLIGHT TEST DATA 

4 6 10 20 
n/ a , g/rad 

40      60 100 

Figure 47    CO.- vs n/cr  - - CONFIGURATION IM (q. n. SYSTEM) 
SP J 
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6.4 EVALUATIONS 

The evaluations were conducted by having the evaluation pilot fly the 

profile of Figure 32 progressing from flight condition 1 through flight condition 

6. As the evaluation pilot flew the NT-33A through the mission profile shown 

on the left side of Figure 32, the aircraft simulated, in a continuously 

varying manner, the longitudinal characteristics of a representative fighter 

airplane in the flight profile on the right side of Figure 32. For example, 

at flight condition 3, 25,000 ft and 270 KIAS, the NT-33A simulated the 

characteristics of the representative fighter at 45,000 ft and M = 1.8. 

Other flight conditions were likewise simulated. The NT-33A was programmed 

so that as it progressed from one flight condition to another on its mission 

profile, its characteristics, as augmented by the VSS, changed continuously 

with those of the simulated airplane progressing between the same flight con- 

ditions on the representative airplane mission profile. 

6.4.1 Mission Definition and Evaluation Tasks 

including; 

The general fighter mission comprises a variety of Flight Phases, 

(1) The air-to-air intercept, tracking, and destruction of enemy 

aircraft. 

(2) The delivery of air-to-ground weapons, or more simply, ground 

attack. 

(3) Air combat maneuvering to gain the advantage against an opponent 

aircraft. 

(4) Landing approach. 

(5) The associated tasks such as formation flying, aerial refueling, 

and flight in instrument weather conditions. 

125 

 -" -'- - *»**—■~^-      mamfmaM 



W'JJ"«.!.'.«/"'*1 mwmmumw-.** IWW.II,IWJ« I ' "i«".n >>   ■ n ■ ■i .ULII  JJ i)iW|Wiu up■ -■.J»M«w«P'^'Wl7f"^ 

It is generally not feasible to perform tasks of the variety and 

magnitude indicated above in one in-flight investigation, but in the current 

experiment it was desirable to perform maneuvers representative of the "basic" 

fighter missions. The following Flight Phases were chosen to be included in 

any given evaluation: 

1. Ground Attack 

2. Air Intercept Tracking 

3. Air Combat Maneuvering 

4. Landing Approach 

With the exception of landing approach, in which the actual task was performed, 

the Flight Phases listed above had to be evaluated by performing a set of 

evaluation maneuvers representative of the maneuvering requirements of the 

fighter mission. Unfortunately, for the Phase II portion of this experiment, 

a second aircraft was not available to maneuver against or to track in order 

to perform the evaluations. The effects of this evaluation technique are noted 

in the Phase I portion of this report. 

The procedure of using representative maneuvers has been frequently 

used in handling qualities experiments. When using this procedure, however, 

it is essential that the airplane mission requirements be clearly understood. 

The mission, the simulated airplane flight profile, the NT-33A profile, and 

the tasks ;o be performed as the profile progressed were discussed at length 

with each valuation pilot, to ensure that each pilot understood the mission 

and that eich pilot was evaluating the configurations for the same mission 

requirements. The intent of the experiment was to evaluate each configuration 

over an ey landed portion of the representative fighter envelope by performing 

the above -light Phases at the appropriate times in the flight profile pre- 

viously defined. 
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Referring to Figure 32 for identification of the flight conditions, 

the evaluation maneuvers and the sequence in which they were performed was as 

follows: 

(a) 

(b) 

(d) 

From Flight Condition 1 to Flight Condition 2, the evaluation 

pilot performed a ground attack dive bombing task, releasing 

his "bomb" at point 2. Upon bomb release, the effect of a 

forward e.g. shift equivalent to  Ac 
'nc 

=0.01 was simulated. 

The airplane was then climbed to the altitude for Flight Con- 

dition 3 and accelerated. The effect of the aerodynamic center 

shift was included as the simulated airplane entered supersonic 

flight.  From Flight Condition 3 to Flight Condition 4, an air 

intercept pitch angle tracking task was performed. The track- 

ing task was programmed on the pitch command bar of the NT-33A 

attitude director indicator. During the tracking task the air- 

plane was decelerated to a low-speed, high angle-of-attack con- 

dition. The tracking task was identical to the discrete error 

tracking task used in Phase I of this experiment, which is 

described in paragraph 3.2.7. 

(c) From Flight Condition 4, the airplane progressed to Flight 

Condition 5, again entering an area of supersonic flight for 

the evaluation pilot as the speed was reduced toward flight 

Condition 6. The maneuvers performed were those listed 

as items 3 through 5 on the pilot flight card presented 

in paragraph 3.1.3.2 

After the ACM, a let-down was made to the ILS course and an 

instrument low approach followed by a go-around was accomplished. 

6.4.2 Evaluation Pilots 

The two evaluation pilots who participated in this phase of the pro- 

gram were designated as Pilot R and Pilot L. A summary of their backgrounds 

is as follows: 
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Pilot R: A Calspan research pilot with 3500 hours total flying, 

of which 2500 hours was in jet fighters and trainers. He 

has previously served as evaluation pilot on several pro- 

grams using variable stability airplanes. He is presently 

current as a fighter pilot with an Air National Guard unit. 

Pilot L: A USAF test pilot with over 2500 hours of diversified 

flying time including 300 hours in fighter or fighter/ 

trainer airplanes. He is a graduate of the USAF Experi- 

mental Test Pilot School, and most recent experience has 

been as Project Pilot on the Independent Landing Monitor 

Program. 

6.4.3 Evaluation Procedure 

Accomplishment of the mission profile, previously described, required 

approximately 50 minutes and constituted one evaluation. Two such evaluations 

were completed on a single NT-33A flight. The evaluation mission profile was 

performed six times by each evaluation pilot. The total flying time for this 

phase of the program was 20.4 hours. Fourteen flights were flown, seven of 

which were calibration and practice evaluation flights. Each pilot evaluated 

all five configurations and repeated his evaluation of one configuration. 

To ensure that each evaluation mission profile was conducted in the 

same detail and that each of the flight conditions was met as scheduled, the 

pilot was provided with a flight card which detailed the entire profile for his 

in-flight guidance. A copy of the pilot's flight card is reproduced below: 
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EVALUATION TASKS AND PROCEDURES 
NT-33A PROGRAM, PHASE II 

After VSS engage at 5,000 ft MSL and 250 KIAS, 

climb to 12,000 ft at 250 KIAS,  (F.C. 1) 

Perform dive bomb run on ground target from 

12,000 ft, 250 KIAS to 5,000 ft minimum and 

330 KIAS maximum idle power, speed brake out. 

(F.C. 2) 

At completion of dive bomb run, climb to 

25,000 ft. Schedule climb to arrive at 25,000 ft 

at 210 KIAS. From 10,000 ft, 240 KIAS, reduce 

IAS 2 knots/1,000 ft of climb.  (S.A. at 45,000 ft, 

M = 0.9). 

Accelerate at 270 KIAS at 25,000 ft. 

(S.A. at 45,000 ft, M = 1.8, F. C. 3) 

Reduce power to idle and perform discrete error 

tracking task level at 25,000 ft.  (S.A. going 

from 45,000 ft, M = 1.8 to 35,000 ft, M = 0.7). 

Tracking task will terminate at T-33 IAS = 170 knots. 

(F.C. 4) 

Descend from 25,000 ft, 170 KIAS to 12,000 ft, 

370 KIAS (S.A. 15,000 ft, M = 1.2, F.C. 5). 

Perform ACM type maneuvering at 12,000 ft until 

T-33 speed is reduced ao 250 KIAS.  (S.A. 15,000 ft, 

M = 0.6). 

Descent to 2,000 ft MSL at 250 KIAS. At 2,000 ft, 

slow to 140 KIAS and perform ILS low approach, NT-33A 

configured with landing gear down, flaps full down, 

and speed b sie out.     (F.C.  6). 
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As each of the four tasks was completed at the appropriate point 

in the evaluation mission profile, the pilot recorded his comments and pilot 

rating for that particular task while enroute to the flight condition for the 

next task. This procedure was followed until the entire profile was completed, 

at which time the pilot recorded general comments and an overall rating for the 

configuration. The entire process was then repeated for the second evaluation 

of the flight. 

6.4.4   Pilot Comment and Rating Data 

Pilot comments and ratings were the primary data obtained in this 

phase of the program. Good pilot comments are, of course, crucial for the 

proper interpretation of the pilot rating data.  In this experiment, a departure 

was made from the customary practice of obtaining one overall pilot rating 

for the evaluation. This was necessary because of the four Flight Phases 

included in the overall mission. Therefore, the evaluation pilots were re- 

quested to comment on and rate each of the fighter Flight Phases previously 

listed and then make general comments and assign an overall rating for the 

complete mission task. As a result, five pilot ratings were assigned for 

each evaluation. An interesting result of this procedure was that the overall 

pilot rating was usually better than the poorest rating obtained on one or 

more of the subtasks evaluated. 

The pilot ratings were assigned in accordance with the Cooper-Harper 

rating scale previously discussed in paragraph 3.1.4. The pilots were encouraged 

to record comments at any time during the evaluation, but to aid the acquisition 

of a consistent set of comment data, the pilots were requested to comment on 

the items liited on the following Pilot Comment Card: 
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PILOT COMMENT CARD (PHASE II) 

Specific Conunents 

A. Conunents applicable to all tasks/flight phases 

1. Ability to trim? 

2. Are stick forces satisfactory? 

3. Does stick force required for maneuvering 

change with airspeed? Is the change 

acceptable? 

4. Is stick motion satisfactory? If not, why? 

B. Specific comments for each Flight Phase 

1. Ground attack 

a. Pitch attitude control and ground 

target tracking. Discuss any difficulties, 

b. Discuss any pitch attitude transients 

encountered during bomb release and 

ability to control the transients. 

c. Normal acceleration1 control during 

target acquisition and tracking. 

d. Assign pilot rating for ground 

attack task. 

2. Air Intercept 

a. Discuss pitch attitude transients 

encountered in the transonic range 

and ability to control the transients. 

b. Pitch attitude control and tracking 

capability. 

c. Pitch attitude control at low-speed, 

high-altitude conditions. Discuss 

any longitudinal control or trim 

difficulties. 

d. Are there significant trim changes 

with speed changes? 

e. Assign pilot rating for air 

intercept task. 
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3. ACM 

a. Normal acceleration control during ACM. 

b. Tracking capability during ACM . 

c. Longitudinal control in turns. 

d. Predictability of aircraft response 

in ACM type maneuvering (initial 

and final response). 

e. Assign pilot rating for ACM. 

4. Landing Approach 

a. Pitch attitude control. 

b. Speed control. 

c. Flight path control. 

d. Any problems with execution of 

missed approach? 

e. Assign pilot rating for the 

landing approach. 

Summary Comments 

1. Good features. 

2. Objectionable features. 

3. Special piloting techniques. 

4. Pilot rating for overall mission. 

5. Primary reason for the pilot rating. 

The pilot comment card is quite lengthy, but this was necessary be- 

cause of the number of tasks to be accomplished in a fifty-minute evaluation. 

The evaluation pilots were instructed that the specific comments anu rating 

for each Flight Phase in the evaluation should be recorded immediately after 

the performance of the Flight Phase. The specific comments that applied to 

all Flight Phases, Al through A4, could, however, be recorded at the completion 

of the entire evaluation; and they usually were. At times, as can be seen 

from the pilot comments in Appendix II, some of the comments listed under "A" 

above were omitted, as were some of the "Summary Comments"; or the comments 

for these items were integrated with the specific comments for each Flight 

Phase. 
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Tae "Cooper-Harper" rating was the only rating recorded in this 

phase of the experiment. No attempt was made to record a separate PIO tendency 

rating and, since random disturbance inputs were not used, there was no tur- 

bulence effect rating assigned. 

6.4.5   Supporting Data Acquisition 

Both an oscillograph recorder and a digital tape recorder were used 

to document the airplane response to both a manual and automatic elevator 

doublet, and elevator step. Airplane state, pilot control usage and track- 

ing task error were recorded during the air intercept tracking task. Pilot 

comments and ratings were recorded in flight on a voice tape recorder installed 

in the NT-33A. These recordings were later transcribed for publication and 

analysis. As a backup, the safety pilot manually recorded the pilot ratings 

on the flight card that provided the variable stablity and flight control 

augmentation gain settings for each configuration. 

6.5     EQUIPMENT 

Evaluations were performed in the USAF NT-33A three-axis, variable 

stability airplane, shown in Figure 10 and described in paragraph 3.2. The 

details of the VSS modifications and description of equipment peculiar to 

this phase of the experiment have been discussed in paragraph 6.2. The gun 

sight used in the Phase I experiment, paragraph 3.2.1, remained in the airplane 

for the ground attack task of the Phase II experiment. 

6.5.1   Feel System Characteristics 

The feel system's frequency and damping ratio and its force gradients 

were not changed from those used in Phase I. These characteristics are 

described in paragraph 3.2.3. 
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It should be noted, however, that a breakout force was included in 

the elevator control channel; but this was incorporated in the flight control 

system design. Figure 31 indicates the arrangement that was used. Force 

commands were used from the elevator stick, with the command passing through 

the network and providing the breakout before being input to the NT-33A eleva- 

tor feel system. In this way the pilot properly felt the breakout force 

without stick motion, but once the breakout force level (+1.5 lb) was ex- 

ceeded, then the feel system responded and the appropriate amount of stick 

motion accompanied the stick force input. 

The elevator stick force per unit normal acceleration, F /n, value 

was determined during the FCS design and is discussed in Section 6.3. 

6.5.2 Lateral-Directional Characteristics 

The lateral-directional VSS feedback gains used in this phase of the 

program were the same as the gains used in the Phase I portion. A "good" set 

of lateral-directional characteristics that would not affect the longitudinal 

evaliations was produced. Paragraph 3.2.5 documents the lateral-directional 

characteristics for the two flight conditions of Phase I. The gains selected 

were maintained at a constant value over the entire evaluation mission profile; 

therefore, the lateral-directional characteristics varied as a function of both 

flight conditions and changes in moment of inertia as the fuel was consumed. 

Since two evaluations were conducted per flight, the lateral-directional 

characteristics on the second evaluation were different from those on the 

first because of the decreased fuel state of the NT-33A airplane. 
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Section VII 

RESULTS OF PHASE II IN-FLIGHT EVALUATIONS 

7.1 PILOT RATING RESULTS 

The pilot rating results for the complete Phase II evaluation pro- 

gram are shown in Table XVI. This table shows that the unaugmented simulated 

airplane. Configuration II-l, had major deficiencies, receiving overall pilot 

ratings of PR = 7.5 and PR = 9. Further, the unaugmented airplane was not 

satisfactory for any of the fighter tasks evaluated. The best pilot rating 

obtained was PR = 5 in the ground attack task by Pilot R, but Pilot L's rating 

in the same task was PR = 7. 

All four of the flight control augmentation system configurations, 

II-2 through II-5, received an overall satisfactory pilot rating by both evalu- 

ation pilots. The poorest pilot rating obtained for any of the tasks evaluated 

was PR = 4. Appendix III contains the pilot comments for each configuration. 

Identification of the characteristics of each configuration, the 

identification procedure used, and a comparison of resulting short-period 

characteristics and stability derivatives compared to predicted values are 

contained in Sections 6.2  and 6.3. Samples of identification records and time 

histories are shown in Appendix II. 

The following paragraphs discuss briefly the pilot's assessment of 

each of the configurations evaluated and describe his difficulties in the 

performance of each task. 

7.1.1   The Unaugmented Simulated Airplane 

In the ground attack task, the unaugmented airplane was very steady 

in pitch attitude once the pipper was on target, but attempts to make tracking 

corrections were difficult because of pitch attitude overshoots or the lack of 
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Table XSZ1 

PILOT RATINGS FROM PHASE II 

CONFIGURATION 

UNAUGMENTED 
SIMULATED 
AIRCRAFT 

III 11-2 II-3 n-4 
"j,^ P+l" 

U-5 

^**^*,-«*^1^    PILOT 
TASK         <^^^ R L R L R L R L R L 

GROUND ATTACK 5 7 X- X 2 1 3 2 4 3 

AIR INTERCEPT 
TRACKING 7.5 7 

25 X 
/2% X 2.5 1 2.5 1 2 3 

AIR COMBAT 
MANEUVERING 7 6 'A 2X 

/ 1 2.5 1 4 1 2 3 

LANDING APPROACH 8 9 -A X 2 2 3 1 1 2 

OVERALL RATING 7.5 9 X X 2 1 3 1 2 2 

'PILOT RATINGS UNDER DIAGONAL LINE ARE FOR A REPEAT EVALUATION. 

"INDICATES PROPORTIONAL PLUS INTEGRAL CONTROL IN THE FORWARD LOOP. 
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predictability of the final response. Also, to a;quire and maintain a desired 

g was quite difficult. The pilot would experience a stick force reversal; he 

would have to push the stick forward to acquire and maintain a positive g 

after the normal acceleration response developed. After bomb release, this 

problem was alleviated because of the forward shift of the center of gravity. 

In the air intercept task, stick forces were large, F /n «65 Ib/g 

at Flight Condition 3, and contending with small trim change requirements was 

difficult. Attempts at tracking resulted in a continuous pitch attitude 

oscillation. At high altitude and low speed, the pilot considered the airplane 

dangerous. Any diversion of his attention from controlling the pitch attitude 

resulted in divergent pitch departures or in the pilot's words, "the airplane 

would wrap up." 

In ACM, the pilot noted the differing characteristics of the airplane 

with changes in speed. The pilot, relating his comments to NT-33A indicated 

speed rather than simulated airplane (S.A.) speed, stated that at 370 KIAS 

(equivalent to M = 1.2 for the S.A.) he could accurately acquire and maintain 

a desired g but at 250 KIAS, (equivalent to M = 0.6 for the S.A.), there was 

a tendency to "dig in" and a lack of precision in normal acceleration control. 

Stick forces were too large throughout the ACM, F /n ^ 56 Ib/g at Flight 
s 

Condition 5, but lightened considerably at lower speeds and as the airplane 

normal acceleration response developed. Any attempts at tracking resulted in 

a pitch attitude oscillation. 

In the landing approach, the pitch attitude control was considered 

dangerous. The pilot stated that the airplane appeared to be statically 

unstable longitudinally, the stick forces were high, and he could never find 

a trim point. The airplane slowly pitched up or down and the forces necessary 

to counteract the pitch divergence were uncomfortably large. Speed control 

was of course difficult because of the difficulties with pitch attitude 

control. 
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In all the tasks evaluated, the pilot encountered considerable 

difficulty, but in his sununary comments he noted that the landing approach 

was the worst phase. 

7.1.2   The Augmented Simulated Airplane 

As mentioned previously, the airplane as augmented by each of the 

four control augmentation systems was found to be satisfactory overall for 

all four systems. There were minor deficiencies as discussed in the following 

paragraphs, in some of the fighter tasks evaluated, and the deficiencies varied 

with the flight control augmentation system. The poorest pilot rating obtained 

was PR = 4, which occurred only four times in a total of 50 pilot ratings 

assigned during the evaluations of the augmented airplane configurations. 

Configuration 11-2, theoc.fr,  system, was assigned PR = 4 by Pilot R 

in the ACM task on the first evaluation of the configuration. On his repeat 

evaluation, Pilot R assigned a PR = 2.5 in the ACM task. His main objection 

in the PR = 4 case was the heavy stick forces, F /n = 10 Ib/g, and an occasional 

feeling of a slight feedback or pulsing on the control stick. For the PR = 2.5, 

the slight stick pulsing was still noted, but there was no mention of high 

stick forces. Pilot L assigned a PR = 4 in an intercept tracking with Config- 

uration 11-2, but on the repeat evaluation he assigned a PR = 1. The PR = 4 

resulted from pitch attitude overshoots during the tracking task on Pilot L's 

first evaluation flight in the program. There was no mention of overshoots 

on the repeat evaluation later in the program. 

Configuration II-4 was rated PR = 4 in the ACM task by Pilot R. He 

found the normal acceleration control and pitch attitude quite good at high 

speed, but as the speed was reduced during the performance of the ACM task, 

the precision of normal acceleration control deteriorated and the pitch atti- 

tude control was degraded. Pilot L assigned a PR = 1 for this task and listed 

no deficiencies in his comments. 
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Configuration II-5, the n*.,^- system with proportional plus integral 

control in the forward loop and a 4 rad/sec prefilter, was assigned a PR = 4 

in the ground attack task by Pilot R. The initial pitch attitude response was 

slow, which caused a tendency to overshoot the target when making a tracking 

correction.  Filot R stated that he could hold the pipper on target quite 

precisely.  Pilot L assigned a PR = 3, but he also mentioned a tendency to 

overshoot the target a bit. 

From the above comments, each of the configurations (II-2 through 

II-5) had some deficiencies in some of the tasks evaluated. All the config- 

urations were not therefore equally good for every task. When the rating of 

both pilots are considered, however, none of the configurations was rated as 

less than satisfactory by both pilots in any Flight Phase. From the pilot 

rating and comment results obtained, there is no basis for selecting any single 

configuration as the best.  It is possible to select the poorest configuration 

for a given fighter Flight Phase in some cases.  For e>ample. Configuration 

II-5 appears to be slightly less desirable for ground attack than do the 

other configurations, but any differences of this nature are certainly marginal. 
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Section VIII 

CONCLUSIONS FROM PHASE II EXPERIMENT 

The criteria for the pitch response characteristics used in the 

design of the flight control systems evaluated in this program were developed 

from work reported in Reference 1 and from the requirements of MIL-F-8785B. 

All four of the flight control augmentation systems were given satisfactory 

pilot ratings (PR ^. 3) by both evaluation pilots. This result confirms that 

the design criteria, if met, will ensure good flying qualities for fighter 

airplanes. Since all tasks evaluated were generally satisfactory, the criteria 

are not limited to the precision tracking task; but if properly applied, they 

will provide satisfactory flying qualities for other fighter airplane Flight 

Phases. 

The results of this program also demonstrated the following: 

1. For fighter aircraft in typical fighter Flight Phases, it is not 

necessary in SCAS design to increase the order of the overall 

system. In this investigation, three of the four systems were 

designed using constant speed, basic airframe dynamics. In 

each case good augmented aircraft configurations were obtained 

without increasing the order of the transfer functions. All 

three of these systems, using ri\if>  <*■>*■ or oc,n.-y<x. feedbacks 

with appropriate, but simple gain scheduling provided satisfactory 

flying qualities for all Flight Phases evaluated. The four 

Flight Phases spanned a quite large range of unaugmented 

simulated aircraft dynamics. 

2. The use of angle of attack as a SCAS feedback signal has been 

demonstrated in flight to be desirable. Both the «-j ^ system 

with no n», feedback and the o^^Tiy^ <x. system with the 

appropriate blending of the oc and T)-, signal provided sat- 

isfactory flying qualities in all the Flight Phases evaluated. 

Most modem fighter airplanes have an installed angle of attack 

sensor to provide a cockpit display of angle of attack. In 
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addition, the angle of attack has been found to be an important 

feedback signal for departure prevention for some of this class 

of aircraft (see, for instance, Ref. 15). Therefore, it is 

desirable to use a as a feedback signal in the design of SCAS for 

this class of aircraft. 

It has been demonstrated in the current program that a variety 

of longitudinal SCAS configurations can be designed to meet the 

Level 1 flying qualities requirement.  It is conceivable, there- 

fore, that a logic could be built to switch from one system 

configuration (e.g., thea., z., n^   system) to other systems 

(such as the a,«, system or the «.,M^system) whenever a failure 

is detected in ^_or «• sensors. 
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Appendix I 

PILOT COMMENTS FROM PHASE I EXPERIMENT 

This appendix contains pilot comments for each configuration evaluated 

in the Phase I experiment. The comments are arranged with the group of 

"/« =18.5 g/rad cases followed by 77/« = 50 g/rad cases. Within the two 

Woe groups the comment sets are in numerical order by basic short-period 

configuration and in alphabetical order within each set of basic configurations; 

for example, Configurations IB, ID, IE, etc. followed by Configurations 2A, 2C, 

2D, etc. Within each configuration, the comments are arranged in order: 

evaluations with a target airplane first, evaluations without a target air- 

plane second, and evaluations in the aerial refueling task third. For 

configurations evaluated by both pilots. Pilot B's comments immediately 

follow those of Pilot A within each subset for target or no target. Identi- 

fication of the short-period and flight control system characteristics can be 

obtained by reference to Figure 5. 

Preceding page blank 
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CONKIGURATION IB   WITH TGT   PILOT A   PR 4   PIOR 2   TR C 
EVALUATION FLT 2 

STICK FORCES 

Stick forces and motion were quite satisfactory. The motion wasn't noticeable. 

PREDICTABILITY OF RESPONSE 

Predictability of the airplane response was a little bit weird. There was a tendency tu over- 
control the airplane in g, but I found I could track pretty well. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Tracking capability was good.  There was a slight tendency to bobble the airplane. 

NORMAL ACCELERATION CONTROL 

There was a tendency when trying larger maneuvers, higher g, to get more acceleration than I 
really wanted 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence did move the nose around.  It made life more difficult and pointed out the tendency 
to bobble the airplane a little bit.  It showed up a lot in the lateral-directional , and I found myself 
wiggling the rudders to keep the airplane on the target.  Lateral-directional control, however, was 
sat i sfactory. 

GOOD FEATURES 

I would list tracking capability as a good feature. 

0BJICT10NABLE FEATURES 

The tendency to overcontrol in g for gross maneuvers. 

PRIMARY REASON FOR PILOT RATING 

I found the over g tendency fell only in the minor but annoying deficiency category and felt 
that some pilot compensation was required but it was certainly not much more than moderate.  There was 
a slight tendency to bobble the airplane which I didn't particularly like.  Turbulence caused a minor 
deterioration of my task performance. 

CONFIGURATION IB 
EVALUATION FLT 13 

KITH TGT PILOT B PR 5 PIOR J TR None Given 

ABILITY TO TRIM 

No problem. 

STICK FORCES 

Stick forces were a li» e bit higher than enjoyable. It meant that 1 just had to stick my arm 
down harder on my leg to take care of the stick forces. It could be that I was just squeezing the stick 
too hard. 

PREDICTABILITY OF RESPONSE 

When I held back on the stick, I was not really sure what g load 1 was going to get.  The 
longitudinal and lateral of the airplane did not appear to be hooked to the stick.  Extrapolating this 
to a 7 g load, I'm not sure that you would not overstress the airplane.  As I came into the stick to 
make an acquisition type maneuver while watching the target, the g load might go over what 1 was shoot- 
ing for because I didn't seem to have a feeling between the stick and the seat of the pants on the g 
load build up. 
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CONFIGURATION IB (Cont.) 
EVALUATION FLT 13 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

There didn't seem to be any trouble tracking with it but a couple of times I noticed some 
pitch hobbling of plus or minus 5 pippers.  I didn't know if I was doing that or the airplane was doing 
that but I did see it.  It was hobbling right up and down the axis of the target airplane, so I didn't 
feel too bad about that.  But it might have turned out to be objectionable if I had looked at the air- 
plane a little hit more. 

NORMAL ACCELERATION CONTROL 

You are not looking at the g meter, you haul back on the stick and you don't know where the 
g load is going to end up. Once you get to g load, it doesn't seem to be too much trouble to hold 
pretty close to your g load except you do hobble the pipper on the target. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

I don't know if we turned on the turbulence in this evaluation; if we did, it certainly was 
nothing that was outstanding because I don't remember turning it on or not turning it on. 

GOOD FEATURES 

Not. a baJ tracking airplane.  It's an airplane that does acquire the target up to 3 g's, 
3-1/2 g's. 

OBJECTIONABLE FEATURES 

Whether or not you would come hack with bent airplanes in a dog fight up around 7 g's is hard 
to tell because of the lack of predictability on where the g load is going to end up when you haul back 
on the stick.  From the flying we did and the g load we used, it was not objectionable. Extrapolating 
at the higher g may turn out to he objectionable. 

PRIMARY REASON FOR PILOT RATING 

It had adequate performance during acquisition, but it would require considerable pilot 
compensation to keep from over g'ing.  If you were to take it up to a higher g load, you might not be 
able to acquire the target at the rate you wish if you were careful not to overstress the airplane. 
In the tracking phase it requires very little pilot compensation to keep the tracking phase coinc eood. 
I did no turbulence effect rating because I really didn't know anything about that. 

CONFIGURATION IB   WITHOUT TGT   PILOT A   PR 7    PIOR 1   TR C 
EVALUATION FLT 8 

ABILITY TO TRIM 

Ability to trim that configuration was quite poor.  1 could put the airplane on an attitude 
and it would hold it for quite a while and then it would slowly go hack to the trim position.  So 
getting it all trimmed up wasn't as easy as it should have been. 

STICK FORCES 

Stick forces were okay.  Let me qualify that a little bit.  When I maneuvered, the airplane 
really wanted to take off; I found myself having to check forward to try and stop this tendency to 
get more g than 1 wanted. The forces and displacements both, in being able to do that, were okay.  I 
wouldn't w~nt to change the forces.  I liked the maneuvering forces; I just didn't like the feeling of 
having to push to stop the airplane from over rotating. 

PREDICTABILITY OF RESPONSE 

Initially ^he airplane response was a little slow coming on, but not bad.  I could start and 
stop the response at will. 
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CONFIGURATION IB 
EVALUATION FLT 8  (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

I thought tracking capability was very good.  I could just pull the nose up and if I just 
made small corrections, I could stop it almost any place I wanted to without a significant overshoot. 
There was a tendency when I flew the tracking task to overcontrol a little bit.  I was trying to do 
the task quite aggressively, but I could get the airplane back where I wanted and have the needle 
stop right in the center. Tracking capability was good. 

NORMAL ACCELERATION CONTROL 

The big problem was normal acceleration control. When I tried to maneuver the airplane 
rapidly, there was a strong tendency to overcontrol. The airplane would start rotating and then it 
would just want to keep on going.  If I did things aggressively and abruptly I overcontrolled quite 
dramatically, so I didn't like it at all.  I think you would have a real tendency to break the airplane 
if you got into a real dog-fight with somebody and it was your airplane against his. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random noise had some effect, but I really didn't think it was significant.  It moved the 
airplane around more than perhaps I would like to have for a fighter, but it was still okay. 

INSTRUMENT FLIGHT PROBLEMS 

No problems 1FR that I hadn't seen VFR.  The two tracking tasks were quite easy to do. 

GOOD FEATURES 

I have to say that the tracking capability was pretty good for small corrections. 

OBJECTIONABLL FEATURES 

Stick forces were quite satisfactory for tracking, but less satisfactory for maneuverinc 
because there is a real tendency to over g the airplane and that is the major objection. I think 
the thing that keeps this airplane from being acceptable is the strong tendency to over g. 

PRIMARY REASON FOR PILOT RATING 

I did not think that the airplane was acceptable. You cannot obtain adequate performance, and 
I think you would break the airplane.  I don't think you could do the job because high g maneuverini; 
must be avoided.  1 don't think controllability is a problem. All you really have to do is slack off 
and push forward.  You can stop the airplane; it's not going to get away from you. There was no ten- 
dency toward PIO when doing the tight tracking.  You get an undesirable motion when you attempt to 
maneuver the airplane through a high g value and you can stop that.  In turbulence there was no more 
than a minor deterioration in my performance. 

CONFIGURATION IB 
EVALUATION FLT 11 

WITHOUT TGT PILOT B PR 6 PIOR 4 TR B 

ABILITY TO TRIM 

Trim was no problem. 

STICK FORCES 

Stick force proved to be too light.  It coupled in with some of the other things, but 1 didn't 
change the geaiiij  Looking at the stick and making attitude changes longitudinally, it appeared that 
the stick moved very, very little.  It was almost like a force stick, and 1 got quite a bit of R with 
little, if any, stick motion. 
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CONFIGURATION IB 
EVALUATION FLT II [Cont.) 

PREDICTABILITY OF RESPONSE 

It was very hard to predict the response I was going to get to a pilot input. T describe it: 
If I started to pull, looking for the nose to move, and I pulled, pulled, and pulled; then all of a 
sudden there went the nose, and I would have to try stopping the nose motion with a force gradient that 
I would normally use under normal piloting techniques, and this tended to give me an overshoot, a 
little oscillation. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Once I had established attitude, it was easy to hold that attitude itnii  if the target didi't 
move I was sure I wouldn't have any trouble tracking it.  But if I had to make a large excursion 
from whatever attitude I was holding to get a new attitude, it was hard to do, t couldn't get there 
as rapidly or precisely as I would have liked. 

NORMAL ACCELERATION CONTROL 

It seemed as if I didn't have control of the normal acceleration until I got near the desired 
g. Then I could hold the g, but it was hard to get there as quickly as I would have liked. That 
affected the longitudinal control in steep turns. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random noise was just like any bothersome turbulence; it didn't seem to grossly affect things 
in any way. 

INSTRUMENT FLIGHT PROBLEMS 

IFR problems, with the way the airplane was behaving, if you were hand flying and since most 
fighters don't have a g meter where it can be seen very well, you would tend to overstress the air- 
plane if you had to make an IFR fly up, pitch up maneuver. 

GOOD FEATURES 

Once I got on the g load, or on' the tracking task, it was very easy to hold what 1 had. 

OBJECTIONABLE FEATURES 

It was very unpredictable how I was going to get to a new attitude that I wanted.  1 think 
that if I had tried to extrapolate that to 7 g instead of 3-1/2, I might have overstressed the airplane. 
It took special piloting techniques because I had to say to myself, "I don't want to overstress the 
airplane but 1 have to make a gross maneuver and so I have to counter my inputs. After I load the 
airplane a little bit, I've got to stop the response and I can't pussy-foot, so 1 must make a large 
control input to make it stop, and that causes it to oscillate around the stopping point." Also, 
because of the relationship between the light stick forces, and the small stick motions, close pilot 
attention must be paid to the g load.  In a pull up or dive bomb run when you just pull the stick back 
or put a :ertain amount of force on the stick to start the maneuver because you want to see the nose 
start to move, that may be too much above 7 g's.  It may be the same thing in an acquisition task where 
you see the target, to acquire you have to make a gross maneuver right now. Because of the forces and 
motion that you have to put on to the stick to get that gross maneuver started, you may end up over- 
stressing the airplane. 

PRIMARY REASON FOR PILOT RATING 

I would rate it as having very objectionable but tolerable tendencies.  I think I could do a 
tracking task with it, but I think it would require extensive pilot compensation so that I wouldn't 
overstress or so that I could keop the airplane tracking the way I wanted it to.  In turbulence, I would 
say no etfort was required, no significant deterioration.  Pilot-induced oscillations fended to develop 
when an abrupt maneuver was initiated, like an acquisition maneuver. You have to reduce your gain if 
you are extrapolating out to 7 g's bt.ause if you don't you would probably overstress the airplane. 
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CONFIGURATION IB   REFUELING   PILOT A   PR 1   PIOR 1 
EVALUATION FLT 16 

ABILITY TO TRIM 

Ability to trim was good. 

STICK FORCES 

Stick forces were satisfactory and I didn't see any reason to change the stick motion. 

PREDICTABILITY OF RESPONSE 

Airplane response to pilot inputs was real iy good.  I could look right at the basket, and not 
have to fly on the tanker as a reference, and plug right in.  I got so that I could pick out the 
center of the basket and fly the probe into that.  It was really excellent. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during in-flight refueling was just the best I have ever seen. 
Tracking capability was good. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker couldn't have been any better than what we had there. 
The longitudinal control during the in-flight refueling was just really excellent. 

GOOD FEATURES 

The ability to control that airplane in the in-flight refueling task was really excellent. 

OBJECTIONABLE FEATURES 

None that I could sec. 

PRIMARY REASON FOR PILOT RATING 

It was really excellent.  The primary reason was that the precision with which I could fly 
that airplane was just outstanding. 

CONFIGURATION ID   WITH TGT   PILOT A   PR 3   PIOR 1   TR 
EVALUATION FLT 7 

ABILITY TO TRIM 

Ability to trim was really pretty good. 

STICK FORCES 

Stick forces were quite satisfactory.  Stick motion was satisfactory.  In general, I thought 
the feel of the airplane was pretty good. 

PREDICTABILITY OF RESPONSE 

There was a little tendency to have the airplane dig in, but not bad, and certainlv not 
something that required a check on the controls. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control and tracking capability during ACM were very good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was only good. 
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CONFIGURATION ID ■ 
EVALUATION FLT 7 (Cont.) 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence moved the airplane around but didn't seem to have any major effect. 

GOOD FEATURES 

Tracking capability was good. 

OBJECTIONABLE FEATURES 

There was a slight tendency to overcontrol in g, but not very bad.  1 thought that the air- 
plane was satisfactory, and minimal compensation was required. Turbulence had only a minor effect. 
More effort was required, but no real significant deterioration. 

CONFIGURATION ID   WITH TGT 
EVALUATION FLT 14 

PILOT B PR 3 PIOR 1 TR C 

ABILITY TO TRIM 

Ability to trim, no problem. 

STICK FORCES 

Stick forces were a bit high, but during the acquisition phases I could trim out. 

PREDICTABILITY OF RESPONSE 

Predictability of the airplane response in  the acquisition phase was a little difficult.  I 
pulled on the stick and the nose rise didn't give me an indication where the g was going to end up. 
It looked like it might go to a higher g than expected.  But, I didn't have to make any abrupt 
stopping of the g load. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control was very good.  It was easy to keep the pipper on the target. Track- 
ing capability was good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control could have been better, but it was sure to get the airplane where 
I wanted to go. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence did not affect the acquisition at all; that was noticeable.  It certainly 
affected the tracking. A gust upset in the turbulence would disturb the pipper longitudinally and I 
would have to fight with it.  It was much more difficult with random disturbances. 

GOOD FEATURES 

The airplane was quite a good tracker.  I could hold the pipper on the target with very little 
pilot workload. Stick forces were high during the acquisition stage, but it seemed like I could pull it 
up and right into buffet, hold it on buffet, and not notice any bobbling tendencies during the acquisi- 
tion phase. The g load came on a little bit faster than the nose seemed to indicate as the nose was 
rising, but didn't take any special techniques.  It didn't seem to want to overstress itself.  I think 
it was a good airplane.  That's what I would have to say. 

OBJECTIONABLE FEATURES 

I would say rone, except I couldn't track too well with gust disturbances. 

PRIMARY REASON FOR PILOT RATING 

Is it satisfactory without improvement? Yes. Minimum pilot compensation required for desired 
performance,  I could handle the acquisition phase very easily and the tracking task looked very good 
without turbulence.  It took quite a bit of compensation with turbulence. There was no tendency for 
the pilot to induce undesirable motions. 
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CONFIGURATION ID 
KVALUATION FLT 27 

WITHOLT fGT PILOT A PR 7 PIOR 3 TR P 

ABILITY TO TRIM 

Ability to trim was only fair.  1 could get it trimmed, but it didn't hold its trim very well. 

STICK FORCES 

Stick forces were okay.  It was a little bit heavy initially and then the airplane had a 
tendency to dij; in, so that the forces tended to lighten up as I attempted gross maneuvers, and it was 
quite easy to overcontrol the airplane in g.  Stick motions were okay.  The thing I did notice was 
that there was a slight hesitation when I put an input into the stick before the airplane respondeil. 
Consequently, 1 was aware of the stick motion rather than having the airplane move right along with the 
stick motion.  But I still say it was okay. 

PREDICTABILITY OF RESPONSL 

Initially the airplane was a little slow coming on, not bad; it was reasonably maneuverable. 
The big problem I had was that I tended to overcontrol the airplane in g anytime I <iid gross maneuver- 
ing, and I really had to discipline myself to keep from over g'ing the airplane; so final response 
was not very predictable. 

PITCH ATTITUDI; CONTROL/TRACK I Nn CAPABILITY 

Pitch attitude control and tracking capability were fair to good.  The airplane was well 
damped; I could stop the nose pretty much where 1 wanted to although I couldn't move it quite as 
rapidly as I would have liked.  The tracking capability was fair. 

NOKMAL ACCLLLRATION CONTROL 

Normal acceleration control was the thing that really was a detriment, particularly when 
attempting to do fairly rapid and gross maneuvers.  1 almost always ended up digging in.  Ihc same 
problem occurred in steep turns.  Initially getting the turn est.il 1  ned was the big problem.  Once I 
was in a turn and steady, then holding the turn was no problem. 

lim.CTS OF RANDOM DISTURBANCI; INPUTS 

Random disturbance didn't seem to have a major effect on the airplane; matter of fact, very 
little. There was no more than a minor deterioration of my performance. 

INSTRUMENT FLIGHT PROBLEMS 

On the IFR portion, heads down, tracking task 1 found that I had about 2  or .1 overshoots before 
i got the airplane settled down with the needle in the center, particularly when I tried to do things 
rapidly.  So there was a slight tendency to overcontrol the pitch attitude durinc; the tracking task 
when trying to do it quite abruptly, but these are some of the problems I had seen VFB, althouqh I 
would say that I thought my VFR tracking capability was better than what 1 saw on the tracking needles, 

GOOD FEATURES 

I thought the tracking capability was fair and maybe fair leaning toward good. 

OBJECTIONABLE FEATURES 

The big major objection was the strong tendency to overcontrol the airplane in normal ac el- 
eration when maneuvering abruptly.  I am really having a hard time in my mind deciding how bad I U'cl 
that was, because with a little bit of discipline I found that I could keep from over g'ing it.  ' had 
to put in fairly large inputs initially and then back off on them as I started getting g on the a r- 
plane in order to keep freu overcontrolling it. 

PRIMARY REASON FOR PILOT RA'ING 

I'm not going to bu»' it because of the over g'ing tendency. 
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CONFIGURATION ID 
EVALUATION FLT 12 

WITHOUT TGT PILOT B PR 4 PIOR 2 TR B 

ABILITV TO TRIM 

No problem trimming. 

STICK FORCES 

Stick forces appeared to be light, but no problem in the gearing. 

PREDICTABILITY OF RESPONSE 

The nose seemed to follow the stick when I started the tracking maneuver, either acquiring or 
tracking. Then I had to stop the g load and the change in pitch rate because it felt like the airplane 
was quite neutral. At 3-1/2 g's I could lift ray hands off the controls and it would just settle on 
3-1/2 g's.  If 1 didn't make an effort to stop at the proper g, it was not predictable. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

I would fairly well put it where I wanted and leave it, and I could track with it. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was difficult until I learned how to stop at the g load that 1 
wanted.  1 could put in a stick force, the nose would start moving and it would appear that I would 
get the g I wanted, except if I kept going at that stick displacement or force, the g would keep right 
on building.  I actually had to force the nose to stop at the desired g load. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Effects of random disturbances, no problem; I just had to pay a little more attention to the 
airplane. 

INSTRUMENT FLIGHT PROBLEMS 

None. 

GOOD FEATURES 

The stick forces were light and comfortable.  It felt as if I could track with this airplane 

OBJECTIONABLE FEATURES 

The fact that the stick forces were not related to the g load.  I would put a stick force 
in there; it would just go and establish the g, and the forces would lighten as the g would increase 
and finally the forces would be down near zero, not to zero, but the g load would stabilize.  I had to 
pay attention to stop the g load where I wanted, and therefore stop the attitude of the airplane for 
tracking. 

PRIMARY REASON FOR PILOT RATING 

It had minor but annoying deficiencies. The required pilot compensation was to get used to 
the fact that g load did not increase with stick force toward the g load I was shooting for.  Increased 
pilot effort with turbulence; there was more effort required but I would say no sigificant deteri- 
oration. Pilot-induced motions could be prevented or eliminated by pilot techniques by making sure 
that I stopped the g load. 
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CONFIGURATION ID   REFUELING 
EVALUATION FLT 17 

PILOT A PR 4.S PIOR 2 

ABILm TO TRIM 

Ability to trim was fair. 

STICK TORCES 

Stick forces and motion were satisfactory. 

PREDICTABILITY OF RESPONSE 

The initial response seemed to be slow, final response a little bit uncertain. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control for refueling was only fair.  It was almost inevitable that I got a 
slight pitch oscillation just before going into the basket no matter how hard I worked at it.  I 
didn't seem to be able to stop it. My ability to track the refueling drogue was only fair. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was okay. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was okay.  The kinds of motions I was talkint; about 
were small.  I did insert the probe a couple of times in the turns.  I still got that slight, one- or 
two-cycle oscillation before getting into the basket 

GOOD FEATURES 

I could certainly do the task; it was acceptable.  It wasn't a particularly good airplane. 

OBJECTIONABLE FEATURES 

I could fly well near the basket, but 1 never had that last fine precise control I thoucht I 
would like to have, and that was the ir.ajor objection. A tendency to set up maybe a one-cycle oscilla- 
tion before getting the probe into the basket was objectionable. I really had to caution myself to 
make nice small inputs, and I'd chase the basket motions because I was always behind the airplane. 

PRIMARY REASON FOR PILOT RATING 

I didn't think the plane was satisfactory; it is more than a minor, but it's not in the category 
of being moderately objectionable.  I did get an undesirable motion which I wasn't able to completely 
eliminate, but I could control up close and get it into the basket without numerous attempts. 

CONFIGURAIION ID   REFUELING 
EVALUATION FLT 18 

PILOT A PR 4 PIOR 1.5 

ABILITY TÜ TRIM 

Ability to trim was fair. 

STICK FORCES 

Stick forces were satisfactory. Stick motion was quite small, barely noticeable; it was good. 
No compromises. 

PREDICTABILITY OF RESPONSE 

Initially the airplane response was just a little slow compared to what I would have liked to 
see for real fine control. The final response was a little slow in being achieved, but it wasn't 
oscillatory. 
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CONFIGURATION ID 
EVALUATION FLT 18 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the in-flight refueling was just not very solid if I can use 
that word.  I really didn't feel that I had good fine control, but it was acceptable.  I don't say 
that it was satisfactory.  The tracking capability was only fair. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was not really looked at. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Longitudinal control relative to the tanker was good.  Nc problem there; not perfect, a little 
tendency to bobble up and down at a very slow rate.  1 did make th.- turn with him there for a short 
time and it was okay in the turn, but still just not as precise as 1 would have liked. 

GOOD FEATURES 

I could do the job, and certainly adapt to the airplane, so that 1 think it was an acceptable 
one from that standpoint. 

OBJECTIONABLE FEATURES 

The tendency to get a one- or two-cycle oscillation before getting to the basket and not 
having very precise control at the basket. 

PRIMARY REASON FOR PILOT RATING 

I think what I've seen we'll call minor but annoying.  There was a slight tendency to eet 
undesirable pilot-induced motions. 

CONFIGURATION ID   REFUELING   PILOT A   PR 2   P10R 1 
EVALUATION FLT 19 

ABILITY TO TRIM 

Ability to trim was good; not super, but good. 

STICK FORCES 

Stick forces and motions were satisfactory; no reason to change tl.em. 

PREDICTABILITY OF RESPONSE 

Predictability of airplane response was good.  Initial response seemed to be good. I seemed 
to have good control over the final response. 

PITCH ATTIfUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the refueling was certainly good to excellent, and the trackini; 
capability was good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control seemed to be good. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was likewise good. 

GOOD FEATURES 

I had real good control over the airplane; I could hook up at will. 
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CONFIGURATION ID 
EVALUATION FLT 19 (Cont.) 

OBJECTIONABLE FEATURES 

No real major objections. A couple of minor ones:  I didn't quite seem to have that nice, 
precise touch that 1 would have liked for the sensitivity of response that would make it a really good 
airplane. 

PRIMARY REASON FOR PILOT RATING 

I certainly think it was good. Pilot compensation was not a factor.  I had precision of 
control. There was no tendency for the pilot to introduce undesirable motions. 

CONFIGURATION IE 
EVALUATION FLT 24 

WITH TGT PILOT A PR 8 PIOR 3 TR D 

ABILITY TO TRIM 

I thought the ability to trim was quite poor. 

STICK FORCES 

Stick forces were satisfactory; however, there was a real tendency for the forces to lighten 
when I put in an abrupt input and pulled any g  with it.  The g came on and overshot much more than 
I really wanted in the maneuvering task. Forces, however, were satisfactory. The stick motion was 
satisfactory. 

PREDICTABILITY OF RESPONSE 

The predictability of the airplane response to pilot input was very poor.  The initial 
response was very slow coming on,  but the final response was really the biggest problem. There was a 
real tendency to overcontrol, over g, the airplane. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

I wasn't able to control the airplane with any degree of certainty during abrupt maneuvers, 
particularly when I wanted to pull a lot of g. There was no assurance that I was going to get the g 
that I wanted. Tracking capability was acceptable, but still not very good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was the really detrimental factor.  1 really felt as if 1 was 
going to overstress '.he airplane a lot of times, and 1 had to really watch what 1 was doing and check 
the stick forward to keep it from over g'ing.  In the turns there was the same tendency to overcontrol 
anytime I tried to do anything abruptly. Once I got the airplane headed in the direction I wanted, 
it would stay there pretty well.  So in a nice steady tracking maneuver I could hold the pipper on 
target a bit, but still not very well. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence was quite dramatic; it moved the nose of the airplane around quite a hit.  So I 
thought the turbulence had quite a detrimental effect on the airplane. 

GOOD FEATURES 

Really none that 1 could sec. 

OBJECTIONABLE FEATURES 

The tendency to overcontrol, the tendency to really feel as if you could break the airplane 
in the higher g maneuvers.  1 had to be very careful with my inputs.  I had to check forward when the 
airplane started in a rapid maneuver so that I dic.n't get too much g. 

156 

•..■ulii^"   ■*- •.rrr---'- ■   in   [|    i IIIH ihlilBittil ■-- -- 



*mn iiiiwiiiiiMBjiwi II« 

CONFIGURATION IE 
EVALUATION FI,T 24 (Cont. ) 

PRIMARY REASON FOR PILOT RATING 

I didn't think the airplane was acceptable for the fighter mission.  1 think ycu hav" to 
worry about losing control on high g maneuvers because of the tendency to over g. Turbulence was 
especially bad; more effort was required, certainly a moderate deterioration or performance. There 
really weren't any pilot-induced oscillations, but certainly it fits into the category of undesirable 
motions. 

CONFIGURATION IE 
EVALUATION FLT 2b 

WITHOUT TGT PILOT A PR 8 PIOR 3.S TR Ü 

ABILITY TC TRIM 

It was a very difficult airplane to trim; didn't want to hold its trim.  It took a while to get 
it trimmed up and once I got it there, I wasn't able to keep it there very well. 

STICK FORCES 

Stick forces were okay. The big problem with the stick force per g was that it took a fail, 
sizable input to get the airplane to start and tiicn it really took off on its own.  I had to always, 
after initiating a positive g maneuver, push forward to stop the airplane from over K'inu.  So, the 
stick forces were not very consistent in that they were heavy initially and lightened up in the final 
response.  But I didn't really feel that I needed to try any other gear selection; I just didn't have 
very good control of the airplane.  Stick motions were noticeable but acceptable.  I found that I had 
to pump the stick a fair amount to damp out some of the pilot-induced oscillations, so I did notice 
that the stick was moving enough for it to be less than desirable. 

PREUICTABILITY OF RESPONSE 

The airplane response was very unpredictable.  Initial response was quite sluggish and slow, 
and there was a real tendency to overcontrol the airplane in g so that the final response was completely 
unacceptable. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

The pitch attitude control and tracking capability were very poor.  Anytime I tried to do 
anything tightly with the airplane, 1 would get into a pilot-induced oscillation. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was the thing that made the airplane completely unacceptable tor 
the mission.  The airplane really wanted to dig in and overshoot the desired g value; and for me it was 
very uncomfortable.  So I found that normal acceleration control was a major detrimental aspect of this 
airplane.  In steep turns the longitudinal control was poor.  I would roll into a turn and stop the 
airplane, then apply a little back stick and the next thing I'd know, it would be diggine in, causing 
quite a problem as 1 came around the turn. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances really made this airplane difficult to control; not so much because of the 
response of the airplane itself to the turbulence but because of the pilot's attempt to control tin 
change in attitude.  I continually overcontrolled during the random inputs. That is different from 
having the airplane itself really respond a lot to the random disturbance. 

INSTRUMENT FLIGHT PROBLEMS 

Trying to track, heads down in the cockpit, produced the same problems; doing things a little 
slowly helped me a little bit, but 1 still overcontrolled the airplane. 

GOOD FEATURES 

No really good features about the airplane. 
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CONFIGURATION IE 
EVALUATION 26 (Cont.) 

OBJECTIONABLE FEATURES 

The major objection was the strong tendency to overcontrol in g. There was a somewh.it lesser 
tendency toward a pilot-induced oscillation when I tried to fly the airplane in a tight tracking 
maneuver.  I did have to check forward on the stick anytime I made an abrupt positive maneuver; this 
was very disconcerting and made the airplane very difficult to fly. 

PRIMARY REASON FOR PILOT RATING 

I didn't think the airplane was acceptable for the mission.  I think considerable pilot com- 
pensation was required to keep from over g'ing the airplane. Certainly for PIO's it was between the 
undesirable motions and oscillations when I attempted abrupt maneuvers. As far as the turbulence is 
concerned, certainly more effort was required and I think primarily because of my inputs. 

CONFIGURATION IE    REFUELING   PILOT A   PR 10   PIOR 5 
EVALUATION FLT 17 

ABILITY TO TRIM 

Ability to trim was only fair, not very good. 

STICK FORCES 

Stick forces and motion were satisfactory. Stick motion was noticeable, however, because I 
caught myself pumping the stick trying to stop the rather severe pilot-induced oscillation that occurred 
when we got up close. 

PRLDlCTABILllY OF RESPONSE 

The lirplane response was not at all predictable.  Anytime I tried to track the basket 
or get close to it, I got into a PIO that was divergent as I got tighter in the control loop. 

PITCH ATTITUD. CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the refueling was completely unacceptable. 

NORMAL ACCELEItATION CONTROL 

Normal acceleration control was poor. The airplane had a noticeable I 10 tendency. 

ALTITUDE CONTrOL RELATIVE TO TANKER AIRCRAFT 

Alti ude control relative to the tanker was likewise poor; I was goint; quite a few feet, 
I'll say +20 eet up and down behind the tanker. 

GOOD FEATURES 

I coi.ld fly it as long as I didn't try to do any tight tracking. 

OBJECTIONABLE FEATURES 

Anyt me I got close to the tanker and tried to track the basket, I got into a quite notice- 
a,ble and divergent PIO. The only way to stop it was to back off and abandon the task.  I couldn't find 
any technique that kept me from getting into PIO. 

PRIMARY REASON FOR PILOT RATING 

For this task, I didn't think I could do the mission, it was not an acceptable airplane.  I 
think controllability is going to be a question. Control might be lost if you try to accomplish the 
mission.  I couldn't really get a refueling hook-up.  If I had tried to get hooked up, I think I would 
have lost control of the airplane. The pilot-induced oscillations were divergent, and I could stop 
them by just abandoning the task. 
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CONFIGURATION 2A   WITH TGT 
EVALUATION FLT 29 

PILOT A PR 4   PIOR 2 TR B 

ABILITY TO TRIM 

Ability to trim was really quite good. 

STICK FORCES 

I thought the stick forces were quite satisfactory, and the stick motions barely noticeable; 
they were good.  I saw no reason to try to reselect the gearing. 

PREDICTABILITY OF RESPONSE 

Initially I thought it was going to be a nice predictable airplane to fly; however, when 1 got 
in ciose there was just a slight tendency to bobble the airplane a little bit and that was fairly con- 
sistent throughout,  It wasn't a continuous PIO type of thing but it was a kind of persistent hobbling 
tendency.  In general I thought the maneuvering of the airplane was pretty good. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during ACM was only fair. I think you would get shells into the other 
airplane.  I think you could do the job, but it was not in ray estimation satisfactory. Tracking 
capability was somewhat degraded because of the tendency to bobble the airplane a little bit when try- 
ing to make corrections in close. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control in general was quite good. There was no tendency to over g the 
airplane. During the turns in ACM, longitudinal control was good, with the same hobbling tendency 
mentioned before. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence seemed to have very little effect on the airplane; a little more effort required, 
but no significant deterioration of my performance. 

GOOD FEATURES 

A very maneuverable airplane to fly. 

OBJECTIONABLE FEATURES 

The only objectionable feature was the persistent bobble during the tracking task. 

PRIMARY REASON FOR PILOT RATING 

I would like to see it improved. There were some undesirable motions, and they were annoying. 

CONFIGURATION 2A   WITHOUT TGT 
EVALUATION FLT 29 

PILOT A PR 3 PIOR 1.5 TR C 

ABILITY TO TRIM 

The ability to trim was quite good. 

STICK FORCES 

Stick forces were quite satisfactory.  It was quite a maneuverable airplane, very enjoyable to 
fly. No second thoughts on the gearing. Stick motions were no problem, barely noticeable. 

PREDICTABILITY OF RESPONSE 

Initial response was quite fast, approaching abrupt, but I think I could live with that. In 
the final response, there was a tendency to get about one overshoot but the airplane was well damped; 
stopped right where I wanted it. 
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CONFIGURATION 2A 
EVALUATION FLT 29 WITHOUT TGT (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

I thought pitch attitude control and tracking capability were fair to good. A slight tendency 
to overshoot the target but once I would get it there and stop, it was surely well damped and stayed 
there pretty well. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was quite good.  It was really mantuverable.  Longitudinal control 
in steep turns was good. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances seemed to have kind of a moderate effect.  I guess "more effort required" 
and it reached down to a "minor deterioration of performance" with the random disturbance. 

INSTRUMENT FLIGHT PROBLEMS 

On the tracking maneuvers IFR, there was a tendency to overshoot the target quite noticeably, 
but 1 could bring it back and stop it where I wanted with no problem. 

GOOD FEATURES 

I liked the maneuvering capability of the airplane; tracking was only fair. 

OBJECTIONABLE FEATURES 

The tendency to overshoot the target at least once before it settled down. 

PRIMARY REASON FOR PILOT RATING 

I thought it was acceptable; actually it was satisfactory. There was a little more than I 
would have liked as far as overshooting the target; it was just not as good as I would have liked. 

CONFIGURATION 2A   REFUELING   PILOT A   PR 2.S   PIOR 1   TR A 
EVALUATION FLT 16 

ABILITY TO TRIM 

I thought the trim was good. 

STICK FORCES 

Stick forces were good; a little light, but not overly sensitive. Stick motion was satisfac- 
tory. 

PREDICTABILITY OF RESPONSE 

The airplane response was quite predictable. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the in-flight refueling was quite Rood; no problem there at 
all.  I could feel that the airplane was a little sensitive, but I seemed to adapt to that pretty well 
after the first run or so. No problem with the refueling hook-ups. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control was excellent. 

GOOD FEATURES 

Really good control with the airplane. 
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CONFIGURATION 2A 
EVALUATION FLT 16 (Cont.) 

OBJECTIONABLE FEATURES 

If anything, a slight objection to the sensitivity of the airplane when in close. 

PRIMARY REASON FOR PILOT RATING 

The sensitivity in close was a little bit unpleasant. 

CONFIGURATION 2C   WITH TGT   PILOT A   PR 4.5   PIOR 2   TR C 
EVALUATION FLT 7 

ABILITY TO TRIM 

Ability to trim was not too bad; it held the trim reasonably well. 

STICK FORCLS 

Stick forces were quite comfortable and light. As a matter of fact I didn't see much 
variation on stick force per g.  It was quite satisfactory to me.  Stick motion was likewise satisfac- 
tory, very little stick motion that I could see.  I saw no reason to reselect the gear ratio. 

PREDICTABILITY OF RESPONSE 

The airplane seemed to be reasonably predictable to pilot inputs, and it was a good maneuver- 
ing airplane,  I could pull g with it quite nicely and maneuver around the sky; I enjoyed it. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the ACM was only fair, however, and it fed into tht trackinc 
capability.  The problem that I re;illy had was a tendency for an occasional lightly damped oscillation. 
For lack of u better word, it "nibbled" at a pilot-induced oscillation so that every now and then I 
would get a ripple in the airplane.  I think it sufficient enough to say that the trackinc was not 
good; it should be improved. 

NORMAI ACCELERATION CONTROL 

Normal acceleration control was quite good, pulling g was no problem. There was a little bit 
of a tendency to get a structural vibration when pulling g. Longitudinal control durim; the turns was 
good with this occasional tendency to get a bobble or nibble at a PIG. 

EFFECIS OF RANDOM DISTURBANCE INPUTS 

Turbulence didn't have a major effect on the airplane, but it did increase the tendency for 
this nibbly type oscillation mentioned before. 

GOOD FEATURES 

I liked the maneuvering capabilities. 

OBJECTIONABLE FEATURES 

I didn't particularly like the tendency for this nibbly type pilot-induced oscillatinn, 
although that is really not a good word for it.  It was just kind of a movement in the nose; it made a 
i-  or 4-sec nibble at an oscillation that I didn't like. 

PRIMAHY REASON FOR PILOT RATING 

I think that it was in the moderately objectionable category.  I didn't think that it was i 
particularly good airplane; it was not satisfactory as it was.  I really couldn't compensate for that 
incipient PIO.  I am just trying to say that the performance wasn't as good as I would have liked; it 
needed to be improved.  In turbulence, more effort was required, but there was only a moderate deteri- 
oration in performance. 
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CONFIGURATION 2C 
EVALUATION FLT 28 

WITHOUT TGT PILOT A PIOR 1.2 PR 3 TR B 

ABILITY TO TRIM 

Ability to trim was really very good. 

STICK FORCES 

•The forces were okay. When I was maneuvering, I felt the stick forces were good.  They were 
nice and light, and 1 had no second thoughts on the gearing selection.  Stick motions were barely 
noticeable, and I considered that good. 

PREUICTABILITY OF RESPONSE 

The initial response was quite abrupt, quite rapid, but there was only a small tendency to 
overshoot the target.  I could make nice, small, fine corrections, usinj; almost fingertip control to 
move the pipper where I wanted.  Even though the initial response was abrupt, final response was quite 
well damped, and it usually stopped with about one overshoot. 

PHCII ATTITUM CONTROL/TRACKING CAPABILITY 

The pitch attitude control was satisfactory. Tracking capability was not quite as good as I would 
have liked, but 1 was able to do a reasonable job with it. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was quite good.  It was a good airplane for general maneuvering, 
good g control.  Control in steep turns was good. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbance seemed to have only a minor effect on ray performance; it did cause a little 
more effort, but nothing dramatic. 

INSTRUMENT FL1G11I PROBLEMS 

It wasn't too different from flying it VFR.  It had a tendency for about one overshoot.  It 
was noticeable but I had seen that VFR as well. On the random tracking task, the performance was 
prttty good, and the discrete tracking task I also thought was good. 

GOOD FEATURES 

The tracking capability was certainly good enough to be called satisfactory. The general 
m.ipeuvenng capability was also good. 

ObJLCTIüNABLE FEAFURES 

One minor objection was the tendency for the initial response to be a little bit abrupt for 
the tracking; during tracking it would overshoot the target a small amount before settling down.  1 
could fly the airplane normally except that I did want to put in eas-' initial inputs. 

PK1MARV REASON FOR PILOT RATING 

The lirplane was acceptable and I think it was satisfactory.  There was a slight PID tendency 
but nothing that I couldn't live with.  Turbulence caused a little more effort, but no significant 
deterioration. 
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CONFIGURATION 2C 
EVALUATION FLT 10 

WITHOUT TGT   PILOT B PR 4 PIOR 2 TR C 

ABILITY TO TRIM 

The trim button is rather large, and when I put my thumb on it comfortably to make a trim 
motion I seemed to bobble the stick.  I think it was just because of the size of the trim button 
and because of the trim forces. 

STICK FORCES 

Stick forces were okay.  I wouldn't want another gearing for the task I was doing.  Stick 
motions were relatively small and comfortable. 

PREDICTABILITY OF RESPONSE 

Around the trim point, the airplane was a little greasy on the response. Once I put on a little bit of 
g load, 2 to 2-1/2 g's, I was much better able to predict where the nose would end up when I wanted 
to stop it. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control and tracking capability at less than 2 g's was a little bit bobbly. 
It might have been me or the airplane. When I got above 2 g's, between 2   and 3-1/2, it was much 
easier to track; it seemed easier to hold on the target. 

NORMAL ACCELERATION CONTROL 

VFR, it was pretty easy to hold the g.  In IFR conditions, I could feel the nose of the 
airplane hobbling around, and I would get about a 0.1-g disturbance on the g meter. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

The effect of the random disturbance inputs I saw was just like a little bit of turbulence, 
and didn't seem to bother me at all.  It didn't seem to disturb the tracking task. 

INSTRUMENT FLIGHT PROBLEMS 

The only thing that showed up IFR that didn't show up VFR was that in pitch I could feel 
myself move the airplane responding to the tracking needle.  I couldn't see it on any of the instru- 
ments in the cockpit, which is kind of a short-circuit between the "seat of the pants" senses and the 
eyeballs. It didn't seem to pose any problem that I know of under sustained IFR conditions. 

GOOD FEATURES 

It was very responsive in pitch, and I think once you have flown the airplane or learned 
how to brace your arm against your leg, you would track very nicely with it. As I said, it was very 
responsive; it seemed as if I could put the nose where I wanted to. 

OBJECTIONABLE FEATURES 

I didn't see any objectionable features that would detract from the mission, the tracking 
mission.  I would say it was not satisfactory without improvement.  I believe that it had a minor but 
annoying deficiency, the plus 1 g, minus half a g around trim.  It was very greasy; it took consider- 
able pilot attention to keep the nose tracking where 1 wanted it. When the g load built up a little 
higher, I had a better feeling for the longitudinal control and could nail down the longitudinal nose 
position.  In turbulence, there was no additional effort required and the deterioration of task was 
minor. Undesirable motions did tend to occur but could be prevented or eliminated by pilot technique. 
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COM-IGURATION 2D   WITH TGT   PILOT A   PR 3   PIOR 1   TR C 
EVALUATION FLT 2Ü 

ABILITY TO TRIM 

The ability to trim was quite good. 

STICK FORCES 

Stick forces and motion were quite satisfactory. 

PREDICTABILITY OF RESPONSE 

The predictability of the airplane response to pilot inputs was pretty good.  Initially the 
airplane seemed to respond a little rapidly.  It seemed to be well damped in the final response, and I 
was able to stop the nose where I wanted. 

PITCH ATTITUDE CONTROL/TRACK INC. CAPABILITY 

During \CM 1 could hold it right on the target reasonably well.  There was little tendency to 
bobble the airpline ever so slightly. The tracking capability was not perfect, but was satisfactory. 

NORMAL ACCLLERAI1ÜN CONTROL 

A nice naneuverable airplane. 

EFFECTS OF RANDCM DISTURBANCE INPUTS 

TurbuU ;ice pushed the nose of the airplane around quite a bit.  I was a little surprised it 
was that bad.  I think it is something that you could live with. 

GOOD FEATURES 

The tracking capability was good; not excellent, hut it was good. 

OBJECTIONABLE FEATURES 

The slight tendency to bobble the airplane during tight tracking.  It was particularly notice- 
able in turbulence. 

PRIMARY REASON FOR PILOT RATING 

1 would say a good airplane; it was satisfactory.  Normal pilot compensation required to make 
it a good airplane.  I didn't like the slight tendency to bobble the airplane.  I think the airplane 
was sensitive to turbulence.  Certainly more effort was required in turbulence with at least a moderate 
deterioration in performance. 

CONFIGURATION 2D   WITH IG 
EVALUATION FLT 22 

PILOT A PR 2.5 PIOR 1 TR B 

ABILITY TO TRIM 

Ability to trim was very good. 

STICK FORCES 

Stick fi : ces and motion were satisfactory; very pleasurable airplane to fly. 

PR1.DICTABILITY 01 RESPONSE 

The response to pilot inputs was \uite  predictable. 

PITCH ATTITUDE COM ROE/TRACKING CAPABILITY 

Pitch attitude control during the air combat maneuvering was good.  I felt that I had good 
^racking capability; I could keep the pipper pretty close to the target and not have any problems. 
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CONFIGURATION 2D 
EVALUATION FLT 22 (Cont.) 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was good; a real pleasurable airplane to maneuver.  Longitudinal 
control in turns during the ACM was good. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence didn't seem to have much effect. A Ittle more effort was required, but no 
significant deterioration in my task performance. 

GOOD FEATURES 

I liked the tracking capability.  I also liked the normal acceleration control. 

OBJECTIONABLE FEATURES 

One minor objection, a tendency to be a little bit sensitive. Just a light tendency, during 
the tracking, to wiggle the nose a bit more than I would like. 

PRIMAKV REASON FOR PILOT RATING 

I think it wis a satisfactory airplane.  It was not quite as good as I would have liked, hut 
there was no real pilot compensation required for good performance. 

CONFIGURATION 2D   KITH TGT 
EVALUATION FLT 13 

PILOT B PR 2 PIOR 1 TR A 

ABILITY TO TRIM 

No problem with trim. 

STICK FORCES 

Stick forces were satisfactory. 

PREDICTABILITY OF RESPONSE 

Predictability of the airplane response to pilot inputs was very good.  The nose motion was 
tied very closely to the stick; I could just pull the stick and move the nose, then stop moving the 
stick and the nose stopped.  It was very nice to track with. 

PITCil ATTITÜDE CONTROL/TRACKING CAPABILITY 

1 thought pitch attitude control was good.  It was very nice, easy to control, very much fun 
to track, and a very good tracking airplane.  In the beginning, I saw a little hobbling and a little 
sensitivity in pitch, but I got a little better with a little practice.  I needed that sensitivity to 
keep the pipper rolling up and down the target fuselage. 

NORMAL ACCELERATION CONTROL 

During acquisition there was no problem with normal acceleration control up to 3-I/J «'s. 
I.xtrapolating that out at the 7 g's, it doesn't seem that we would have any problem. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances were bothersome to me, but I didn't see any effect; ! totally reel that 
it was me bouncing the airplane as much as the turbulence. 

GOOD FEATURES 

It was a very good tracking airplane.  It was easy to acquire the target, pull the trigger 
where I wanted it, then keep the pipper on the target.  I think the more you see of this airplane the 
better you would get with your tracking. 

OBJECTIONABLE FEATURES 

I saw no objectionable features. 
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CONFIGURATHN 2D 
EVALUATION HT 13 (Cont.) 

PRIMARY REASON FOR PILOT RATING 

I thought it was satisfactory without improvement.  There were no visible deficiencies. I 
don't think pilot compensation was a factor for getting the tracking performance that we were looking 
for. There was no significant increase, no significant deterioration in the presence of random 
disturbances. There was no tendency for pilot-induced undesirable motions. 

CONFIGURATION-20   WITHOUT TGT   PILOT A   PR J   PIOR 1   TR A 
EVALUATION FLT 8 

ABILITY TO TRIM 

Ability to trim was excellent. 

STICK FORCES 

Stick forces and motions were quite comfortable, and I had no second thoughts on gearinp 
seli.ction. 

PREDICTABILITY OF RESPONSE 

The initial response was really quite good. The airplane response came on smoothly.  I could 
see no tendency to lag or be behind the airplane; I thought that was good. In the final response, 1 
invariably found myseli overcontrolling just a little.  I would like to see it better, but it wasn't 
a very detrimental thing.  Pulling g and maneuvering the airplane was quite good. 

PITCH ATTITUDE CONTROL TRACKING CAPABILITY 

Pitch attitude control and tracking capability was fair.  Starting off, I had a bit ot a nose 
hobbling problem. Theie was a tendency to overcontrol the airplane just past the g value, for instance, 
that I wanted; so my p.tch attitude control wasn't as perfect as I would have liked although I still 
thought it was good.  :racking capability seemed to be good; in particular in the tracking tasV .    There 
was a tendency to just overshoot the needle ever so slightly.  I thought that the tracking cap.-ihility 
was acceptable. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was quite good; symmetrical pull ups and horizontal turns, i;ood g 
control.  In steep turns I had real good g control as well. 

I.ITLCTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances affected the airplane a little bit, but nothing really major. I found 
that it did disturb the nose a little bit but in general I thought I had good coi^rol in the random 
disturbances; it wasn't much of a problem. 

INSTRUMENT FLIGHT PROBLEMS 

IFR I didn't see any problems that didn't show up VFR. 

GOOD FEATURES 

I thought, in general, the maneuvering capability was excellent.  I liked the compatibility 
of the stick forces and stick motions.  I liked the stick forces themselves. 

OBJECTIONABLE FEATURES 

A mild objection was the slight tendency to overcontrol when doing the tight tracking task, 
but I was able to track the needle quite well. 

PRIMARY REASON FOR PILOT RATING 

I'm willing to say the airplane was satisfactory.  1 think the small overshooting tendency 
that I saw fell into the moderate and unpleasant deficiency category but still acceptable.  1 thought 
the airplane was relatively insensitive to the turbulence. 
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CONFIGURATION 2D   WITHOUT TGT   PILOT B   PR 2   PIOR 1   TR B 
EVALUATION FLT 11 

ABILITY TO TRIM 

It was easy to trim. 

STICK FORCES 

Stick forcts were okay; they weren't bothersome at all, and they weren't heavy at the high g 
end. Stick motions were acceptable. 

PREDICTABILITY OP RESPONSE 

It was a very nice airplane to fly.  It was easy to predict what response you were noing to 
get between the stick and the nose of the airplane. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

It was very easy to stop the airplane on a desired attitude or in a bank turninE or pitching 
attitude. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was good.  You could go to and maintain a g with no overshoots. 
Lorgitudinal control in steep turns was good, and it was very easy to move the pipper.  I wasn't 
using the pipper, but I could move the nose of the airplane and stop it precisely where I wanted. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

It was no more than just normal turbulence so it didn't take any different technique.  It 
seemed to make the task a little more difficult, but it was easy to control. 

GOOD FEATURES 

rhe stick forces were comfortable up to 3-1/2 g's.  I could stop the nose wherever I wanted, 
which is extremely good for tracking.  It was very quick from trim to move the no<e, and there were 
no overshoots when I got to the new attitude. 

OBJECTIONABLE FEATURES 

1 saw no objectionable features. 

PRIMARY REASON FOR PILOT RATING 

I would rate it good with negligible deficiencies for the task of tracking another aircraft. 
With turbulence more effort was required, but there was no significant deterioration in performance. 
There was no tendency for the pilot to induce undesirable motions. 

CONFIGURATION 2D   REFUELING   PILOT A   PR 1    PIOR 1 

EVALUATION FLT 17 

ABILITY TO TRIM 

Tnm.was good. 

STICK FORCES 

Stick forces were satisfactory, and stick motion was barely noticeable.  No resclection of 
gearing has required. 

PREDICTABILITY OF RESPONSE 

I really liked that one; I could "think" the airpiane right to the position I wanted.  Initial 
and final responses were both good. 
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CONFIGURATION 2D 
EVALUATION FLT 17 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

I had excellent pitch attitude control during the in-flight refueling. 

NORMAL ACCELERATION CONTROL 

Acceleration was normal; absolutely no problem. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was really excellent.  As for longitudinal control in 
turns, I did my first hook-up with this airplane in a turn and  I had excellent control. 

GOOD FEATURES 

I just had real fine control throughout.  I can't see where I would like to improve anything. 
Nice, smooth, fine control; I hardly had to even think about moving the stick to get the probe where 
I wanted it to go. 

OBJECTIONABLE FEATURES 

No objections at all. 

PRIMARY REASON FOR PILOT RATING 

It was an excellent, highly desirable airplane for in-flight refueling, because I could just 
■'link the airplane to the position that I wanted. I could fly up, position the probe in the basket, 
tiicu hook up at will. 

CONFIGURATION 2D   REFUELING 
EVALUATION FLT 18 

PILOT A PR 1   PIOR 1 

ABILITY TO TRIM 

Ability to trim was good. 

STICK FORCES 

Stick forces were light but quite satisfactory, and stick motion was barely noticeable.  1 
liked that; I didn't even feel like I was moving the stick.  I could just kind of think the airplane 
into position, and that's really great. 

PREDICTABILITY OF RESPONSE 

Predictability of airplane response to pilot inputs was really good. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the refueling was really excellert;,  I could reallv put the 
probe right where I wanted it.  The tracking capability was good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was not really checked. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was excellent. 

GOOD FEATURES 

1 could really put that probe right where I wanted.  I could drive up there and stop. I could 
just pick out the center portion of the basket and insert the probe perfectly. 
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CONFIGURATION 2D 
EVALUATION FLT 18 (Cont.) 

OBJECTIONABLE FEATURES 

No objectionable features. 

PRIMARY REASON FOR PILOT RATING 

It was a real good airplane for this mission; I could just do exactly what I wanted to do with 
the airplane. 

CONFIGURATION 2D   REFUELING   PILOT A   PR 2   P10R 1 
EVALUATION FLT 19 

ABILITY TO TRIM 

Ability to trim was pretty good. 

STICK FORCES 

Stick forces were satisfactory. Stick motion was also satisfactory, with very small motions 
being required. 

PREDICTABILITY OF RESPONSE 

The initial response of the airplane was reasonably snappy, but with good precision,  linal 
response was predictable.  Initial response was perhaps a little too snappy because there was a little 
bit of a tendency to bobble the airplane but it was very slow. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during refueling was good; it didn't create any problems for me there. 
Tracking the drogue was good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was not really tested. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was good.  I didn't really look at refuoline in »-urns, 
but I think it would be good. 

GOOD 1EATURES 

It was a good flying airplane, and good for the in-flight r-'fueling mission.  1 adjusted a 
little bit to the picch sensitivity, 

OBJECTIONABLE FEATURES 

It had a tendency to bobble and not have quite the precision of control 1 wanted, but that 
was very minor. 

PRIMARY REASON FOR PILOT RATING 

1 think it certainly was an acceptable airplane.  1 think it was good, and that pilot compen- 
sation was not really a factor to get desired performance.  There was no tendency to induce undesir- 
able motions. 

CONFIGURATION 21.   WITH IGT   PILOT A   PR 7 
EVALUATION FLT 6 

PIOR 4   TR C 

ABILITY TO TRIM 

Ability to trim seemed to be okay. 
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CONFIGURATION 2E 
EVALUATION FLT 6 (Cont ) 

STICK FORCES 

Stick forces were quite light and stick motion was quite small. I didn't see any reason 
to reselect the gear ratio. The forces were good for maneuvering but poor for tracking. 

PREDICTABILITY' OF RESPONSE 

The initial response seemed to be a little slow coming on, but I could pull up and get g with 
the airplane. When I tried to track, I almost had continuous pilot-induced oscillations. 

PITCH ATTITUDE CONTROL/TRACKINO CAPABILITY 

Pitch attitude control during the tracking was very poor. Tracking c ifability was likewise 
very poor. There was a strong tendency to just continuously oscillate when tr'ing to track. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control for gross maneuvers wasn't all that bad. longitudinal control in 
turns during the ACM was very poor. When I tried to track the target I just had a continuous small 
oscillation going. 

tFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence didn't seem to give me as much of a problem as 1 had anticipated, but it emphasized 
the tendency to oscillate, since the airplane kept getting disturbed. Unless I would attempt to stop 
it, it would continue to oscillate.  So it was degraded in turbulence. 

GOOD FEATURES 

No good features. 

OBJECTIONABLE FEATI,'RES 

Objectionable features included the real strong tendency for the airplane to oscillate as I 
tracked.  It was not a divergent thing and was not a controllability problem, but it surely destroyed 
the ability to be an attack airplane. More effort was required in turbulence but only minor deterio- 
ration was noted. There were pilot-induced oscillations and I could stop them, but I had to abandon 
the task. 

CONFIGURATION 2E   WITH TGT   PILOT A   PR 6   PIOR 4   TR C 
EVALUATION FLT 20 

ABILITY TO TRIM 

The trim was f-jd. 

STICK FORCES 

Stick forces were satisfactory. Stick motion was satisfactory but noticeable because I found 
myself pumping the stick. 

PRHDICTABILITY OF RESPONSE 

The initial response was just a little slow.  I wouldn't get the response I wanted, and I ended 
up overcontrolling and bobbling the airplane.  If I just made large gross inputs I could pull up the 
nose and not set up the oscillation, but when I attempted tight tracking I ended up with an oscilla- 
tion. So, neither the initial not the final response was as good as I would hive liked. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the ACM was poor.  It was interesting because sometimes I would 
set up an oscillation and other times I wouldn't, but in general, it was not a very good tracking 
airplane.  The attitude control durinp ACM was poor with a tendency to induce oscillations. The 
oscillations destroyed quite a bit of my target tracking. Tracking capability was poor. When track- 
ing, pilot-induced oscillations were quite noticeably excited.  I think you might possibly get a few 
bullets in the target, but it really was not very good. 
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CONFIGURATION 2E 
EVALUATION FLT 20 (Cont.) 

NORMAL ACCELERATION CONTROL 

Normal acceleration control seemed to be one of the better features; I could pull g and 

maneuver the airplane reasonably well. During the turns I noticed again that when I attempted tight 
control I would get a pilot-induced oscillation. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence and random disturbances didn't seem to have a real major effect on the airplane. 
It did cause me to work harder, certainly more effort was required but the deterioration from an 
already poor performance was not any more than minor. 

GOOD FEATURES 

I could really maneuver the airplane quite well.  I could get into a tracking position. 

OBJECTIONABLE FEATURES 

1 could track but it was in a continuous oscillation. 

PRIMARY REASON FOR PILOT RATING 

I am willing to say that the airplane was acceptable, but I found that the tendency to set up 
a pilot-induced oscillation while tracking, even though of small amplitude, was very olijectionable 
and would have to be fixed.  The airplane does have a PIO tendency; oscillations did develop when I 
attempted the abrupt maneuvers. 

CONFIGURATION 2F 
EVALUATION FLT 4 

WITH IGT PILOT A PR 7 PIOR 4 TR U 

ABILITY TU TRIM 

Ability to trim was pretty fair. 

STICK FORCES 

Stick forces were satisfactory.  1 didn't think they were too light or heavy.  Stick motion 
was satisfactory. 

PREDICTABILITY OF RESPONSE 

Predictability of airplane response to inputs was very interesting,  i had a good maneuvering 
airplane and I could pull g and maneuver well.  I thought the airplane response was quite predictable. 
When I attempted to track with the airplane, though, I set up a quite noticeable small-amplitude, 
pi lot-induced oscillation.  It really took me by surprise. So, the final response for maneuvering uas 
pretty good as was the initial, but the tracking was very poor . 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control was poor; anytime 1 tried to make a small correction, I set up an osci1 
lation.  When 1 was doing gross maneuvers, I could drive around, pull g or anything I wanted to, hut 
I couldn't track.  Tracking capability was unacceptable. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control for large maneuvering was good; small maneuvering was very poor. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

When I tried to make small corrections to stop the response to turbulence, 1 set op pilot- 

induced oscillations. 

GOOD FEATURES 

Ihe airplane was excellent for maneuvering. 
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CONFIGURATION 2P 
EVALUATION FLT 4 (Cont.) 

OBJECTIONABLE FEATURES 

I had strong objections to the PIO tendency in the tight tracking maneuvers. 

PKIMARY REASON FOR PILOT RATING 

I could not track and I don't think 1 could adequately perform the mission. The only way I 
could stop the PIO's was to abandon the task. Turbulence did affect the task accomplishment to the 
extent of more effort required with a moderate deterioration of task. 

CONFIGURATION 21        WITHOUT TGT 
EVALUATION FLT 26 

PILOT A PR 7 P10R 4 TR D 

ABILITY TO TRIM 

Ability to trim was really pretty good. 

STICK FORCES 

Stick forces were quite satisfactory.  No second thoughts on the gearing.  Stick motions were 
a little bit noticeable because the airplane was quite oscillatory under certain tracking maneuvers 
and I found myself noticeably adding to this, pumping the stick back and forth so that the motions 
were acceptable but still not very good. 

PRHDICTABUm OF RESPONSE 

The initial response tended to be just a little slow and the finah response, when I tried to 
stop it on the target, was quite oscillatory.  So, in general, the response predictability was not 
very good. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control and tracking capability wire quite poor; they were unacceptable.  I 
would get a 5- or b-cycle oscillation anytime I tried to stop the airplane on a target. 

NORMAL ACCELERATION CONTROL 

The normal acceleration control was quite good for normal maneuvering.  It was a verv msneuver- 
ablc airplane, very enjoyable to fly,  1 felt that the longitudinal control in steep turns was cood. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

When I tried to control the response to random disturbances in a tight tracking task, I had a 
tendency to get a 5- or 6-cycle oscillation; so in general, my control capability in the presence 
of r indom disturbance was poor. 

INS1KUMENT FLIGHT PROBLEMS 

Attempting the tracking tasks, heads down, I was almost in a continuous oscillation.  So it 
was more difficult flying the tight tracking task than it was heads up VFR, 

GOOl FEATURES 

The maneuvering capability in general was quite good. 

OBJECTIONABLE ILATURLS 

The tendency toward a 5- or 6-cycle oscillation when 1 tried to Jo something with a tight 
tra king tas! was objectionable.  Random disturbance tracking was very poor.  1 had to trv to impart 
dami i ng to the system and found myself pumping the stic>. quite a bit. 

PRIMARY REASON FO« PILOT RATING 

I think it was unacceptable. 
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CONFIGURATION 2H   WITH TGT   PILOT A 
EVALUATION FL1 22 

PR 4   PIOR 1.5   TR C 

ABILITY TO TRIM 

Ability to trim was good. 

STICK FORCLS 

Stick forces and motions were satisfactory. 

PREDICTABILITY OF RESPONSE 

The response was not quite as predictable as 1 would have liked.  A little bit slow initially. 
Final response, however, was fair. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during ACM was fair. A little tendency for the pipper to wander more 
than anything else,  irackini; was only fair. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was good,  longitudinal control during turns, during ACM, was fair. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence had a moderate effect on the airplane; I'd say more effort required, at least 
a moderate deterioration in performance. 

GOOD FEATURES 

I could track, but not as well as I would h.ive liked. 

OBJECTIONABLE FEATURES 

The tendency to bobble or oscillate the airplane in the tracking was objectionable. 

CONFIGURATION 2J   WITH IGT 
EVALUAflON FLT 21 

PILOT A   PR 5   F10R TR D 

ABILITY TO TRIM 

Ability to trim was good. 

SUCK FORCES 

The stick forces were satisfactory and the stick motions were satisfactory, but a bit notice- 
able. 

PREDICTABILITY 01 RESPONSE 

1 had a difficult time with this one.  Sometimes the airplane seemed to track pretty well, but 
when I would try to make a correction, the airplane moved very slowly.  Occasionally, I would get a 
one- or two-cycle pitch oscillation.  It seemed that the airplane never responded very fast, so the 
predictability of the airplane response didn't seem very good.  The airplane was very slow initially, 
and I tended to cerdrive it.  I was not able to be as precise with the airplane as 1 would have liked. 
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CONFIGURATION 2J 
EVALUATION FLT 21 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the air combat maneuvering seemed to be pretty good with no real 
specific problems.  I felt that 1 could track the target, but just never felt very comfortable about 
it. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control wasn't as good as I would have liked, but I had good g capability 
and I had no feeling that I was going to over g the airplane, although my tracking capability was only 
fair.  Longitudinal-control during the turns was fair to poor.  During ACM 1 thought I was able to 
track the airplane acceptably. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence seemed to have quite a dramatic effect on the airplane, moving the nose quite a bit; 
I really was behind the airplane all the time when in the turbulence, and never able to keep it on the 
target to my satisfaction. 

«WD FEATURES 

It was a good maneuverable airplane and I could track acceptably. 

OBJECTIONABLE FEATURES 

The slowness of the airplane was cbjectionable, as was imprecision when trying to put the nose 
precisely where I wanted.  I seemed to get worse with it the more I flew it. 

PRIMARY REASON FOR PILOT RAIING 

The deficiencies that I've listed were moderately objectionable; I didn't have good precision 
and there was a slight tendency to oscillate.  I thought it was a really poor plane in turbulence, 
and more effort was required with a deterioration in task. 

CONFIGURATION <ij   WITHOUT TGT   PILOT A   PR 5   PIOR 1.5   TR B 
EVALUVTION FLT 27 

ABI LUV TO TRIM 

Ability to trim was fair.  It really wasn't good, but it wasn't particularly bad. 

STICK FORCES 

Stick forces seemed to be a little heavy initially, and I thought there was a slight tendency 
to dig in -- not a lot, but I did overcontrol in g a little bit.  I was really concerned about this 
because I flew it longer than normal, and still didn't end up knowing that much about it.  I thought 
the stick forces were heavy initially, but I didn't think I would like to change them, because if 1 
had I would have i'ound that they were too light in the final response.  Stick motions were okay.  It 
was noticeable that there was a slight hesitation between a stick input and the airplane stick motions; 
so the stick motions were noticeable, at least in the initial input, but they were still okay. 

PREUICUBILIIY OF RESPONSE 

Initially the airplane had a noticeable delay.  I could see it, and when it "took off" at what 
I considered to be a fairly reasonable rate, 1 could (VFR) stop it reasonably well, pretty much where 
I wanted it.  So I thought the initial response was okay.  Final response was certainly well damped 
and my only concern there was how well I could stop the nose where I wanted it. Certainly it wasn't 
perfect tracking by any means but not really bad either. 
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CONFIGURATION 2J 
EVALUATION 27 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control and tracking capability were only fair. I just couldn't make those 
nice, fine adjustments that 1 wanted, but I still thought that I could track. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was pretty good in the steady state.  I had a bit of a tendency 
to overcontrol or dig in when doing things abruptly. Longitudinal control in steep turns was good. 
I did notice that in a steep turn, I could move the stick back and forth and there seemed to be kind 
ot a deadband without anything happening.  But I tended to have good g control and felt that I could 
probably track another airplane in the turn. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances seemed to have only a minor effect on the airplane. However, there was 
a very small amplitude response without any real disturbance of the airplane, so I didn't feel that 
the random disturbance affected my performance very much. 

INSTRUMENT FLIGHT PROBLEMS 

IFR, ray tracking using the heads down display wasn't as good as 1 thought it was VIR,  There 
was a tendency to overshoot and undershoot before I could get settled down on the needU',  Sn tracking 
the airplane using the display was more difficult and not as precise as it was in the VIR task. 

GOOD FEATURES 

There were no really good features about the airplane.  I felt that the tracking performanci- 
and the ability to control the airplane in steep turns were both only fair. 

OBJECTIONABLE FEATURES 

There were the slight tendency to dig in and the slight tendency to overcontrol during the 
tight tracking maneuver, but nothing really good or bad. There was an initial delay; when I made an 
input, I would find myself putting in a larger input initially and then backing off a little bit to 
keep from overcontrolling. 

PRIMARY REASON FOR PILOT RATING 

I wouldn't say that it was acceptable; 1 thought it was not satisfactory. There was snme 
tendency toward undesirable motions upon abrupt pilo. inputs, but what 1 saw was not too bad. 

CONFIGURATION 2J 
EVALUATION FLT 19 

REFUELING PILOT A PR 8 PIOR 4.5 

ABILITY TO TRIM 

I never even really tried to trim. 

STICK FORCES 

Stick forces and motions were unsatisfactory. The motion was noticeable becauso I ended up 
pumping the stick quite a bit while I was trying to hook up, and very definite pilot-induced oscilla- 
tions would increase as I increased my tracking gain. 

PREDICTABILITY OF RESPONSE 

The airplane response itself seemed to be very slow initially, and final response was somewhat 
unpredictable, so I really didn't have very good control of the airplane. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during refueling was very, very poor.  There was no way that I was 
going to get hooked up, so the tracking capability of the drogue was very poor. 

NORMAL ACCELERATION CONTROL 

Just what little I saw was poor. 
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CONFIGURATION 2J 
EVALUATION FLT 19 (Cont.) 

ALTITUDE CONTROL RELATIVt TO TANKER AIRCRAFT 

Altitude control relative to the tanker was a function of my gain or how close I was to the 
basket.  The closer I got, the worse P10 became.  In fact there was no PIO until I got about 2-3 ft from 
the basket, and then I got a quite large, somewhat divergent oscillation of the nose. 

ClOOD FEATURES 

The only good feature that I could see was that 1 could regain control simply by reducing my 
gain and backing off.  1 could fly the airplane straight and level; I just could not do the tight 
tracking task. 

OBJECTIONABLE FEATURES 

When in very close to the basket and attempting to hook up, I got pi lot-induced oscillations 
that increased as I got closer.  I had to abandon the task, back off, and just freeze the stick, or 
reduce my gain to stop the PIO's . 

PRIMARY REASON FOR PILOT RATING 

The airplane was not acceptable.  1 think certainly pilot compensation was required for control 
when I was in close.  All I had to do was back off; I don't think I would hc.ve ever lost control, 
although 1 have already admitted that I could not do the mission.  1 thought the PIO's become diver- 
gent. 

COM IGURATION 3A 
EVALUATION FLT 6 

WlTli TGT PILOT A Pk 7 PIOR 4 TR E 

ABILITY TO TRIM 

Ability to trim was really quite good.  It would stay right where I put it. 

STICK FORCES 

Stick forces were satisfactory. They were nice and light, but there was a problem.  Every time 
1 grabbed the stick there was a high-frequency, structural type vibration in the airplane.  It was 
uncomfortable.  It went away when I released the stick.  Stick motion itself was satisfactory; 1 
didn't see any reason to reselect the gear ratio. 

PRLUICTABIL1TY OF RESPONSE 

I always got a real high-frequency vibration anytime I made an abrupt input, but it damped 
out reasonably fast and I could maneuver the airplane. So the initial response was bothersome but 
the final response was predictable in that I could maneuver the airplane, with a reasonably accurate 
g capability. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during ACM was ridiculous, quite oscillatory.  It would just sit there 
with a real high-frequency, relatively low-amplitude oscillation when I attempted to track. The 
tracking capability was very poor. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control wasn't bad; I could pull g, and maneuver reasonably well. The 
simulation itself was a little bit compromised because of the quite high structural noise involved. 
Longitudinal control during turns, when I was not tracking, was okay.  1 could hold g fine, but when 
trying to track I had a nearly constant, low-amplitude, high-frequency PIO. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence really had a dramatic effect on the airplane, and made it quite oscillatory and 
considerably poorer in turbulence than it was out of turbulence. 
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CONFIGURATION 3A 
EVALUATION FLT 6 (Cont.) 

GOOD FEATURES 

I didn't feel as if I were going to lose control of the airplane; all I had to do was stop 
what I was doing and the oscillations would go away. So I considered that good. 

OBJECTIONABLE FEATURES 

I really couldn't do the job. Trying to track tightly, all I did was sit there with a high- 
frequency, low-amplitude oscillation.  I really had to back off on my gain to stop the oscillation, so 
that I couldn't really do the job in my estimation. 

PRIMARY REASON FOR PILOT RATING 

I thought that adequate performance was not attainable; controllability, however, was not in 
question,  tverytime 1 tried to dc anything, I got an oscillation that I could reduce by stopping the 
task.  Primary reason for the rating was the quite devastating pilot-induced oscillations.  I really 
thought turbulence was bad. More effort was required, certainly a moderate deterioration in turbulence. 

CONFIGURATION 3D 
EVALUATION FLT 3 

WITH TGT PILOT A PR 6 PIOR 3 TR F 

ABILITY TO TRIM 

The ability to trim was good. 

STICK FORCES 

The stick forces were quite satisfactory; nice and light, as I like. The stick motion was not 
noticeable; therefore, I considered it satisfactory.  I didn't really see any need to compromise on 
the elevator gearing; I liked it. 

PRLUICTABILITY OF RESPONSE 

I had a tendency to overshoot or overcontrol the airplane in pitch.  Ttv.s showed up very much 
in the tracking, and my tracking wasn't very good. The airplane started out okay initially, when I 
made an input, but the response tended to get a little larger than I had bargained for.  Nothini; 
dangerous, but it did create some difficulty for me. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

During the air combat maneuvering, attitude control was not as good as I would have liked.  1 
couldn't really keep the pipper on the target and I think it was a two-part problem.  It was longitu- 
dinal mostly and a little bit of lateral; I just wasn't very good at it. Tracking capability was poor, 
just too slow for me to be able to get the airplane on the target.  I couldn't make fast enough correc- 
tions to put the airplane back where I wanted it.  I had a tendency to use quite a bit of rudder to 
make the airplane track where I wanted it to. 

NORMAL ACCELERATION CONTROL 

There was a tendency to overcontrol the airplane a little, and not to be able to track well. 
I could not position the airplane nose where I wanted. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence really had a dramatic effect.  It pushed the airplane all over the skv.  The slow 
response of the airplane to my inputs, and the quite rapid response to the turbulence, made it difficult 
to counter the effects of the random disturbance inputs. 

GOOD FEATURES 

1 could fly the airplane around without any fear of breaking it or over g'ing it. 
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CONFIGURATION 3D 
EVALUATION FLT J (Cont.) 

OBJECTIONABLE FEATURES 

It wasn't a very tight airplane for tracking.  I found that I couldn't track the target to my 
satisfaction. There was a slight tendency to overcontrol in g. 

PRIMARY REASON FOR PILOT RATING 

Even with all these deficiencies, I am still willing to admit that I could track with the 
airplane although I found it verv objectionable.  I think I could shoot another airplane down, but I 
wouldn't be very good ..t it.  It required a lot of pilot compensation to make the airplane do what I 
wanted.  1 got undesirable motions when initiating maneuvers. Turbulence was really bad, certainly 
down in the "best efforts required" because of quite significant deterioration in the task. 

CONFIGURATION 1A   WITH TCI 
EVALUATION FLT 20 

'I LOT A PR 4 PIOR 2 TR U 

ABILITY TO TRIM 

The ability to trim was f;00^ ■ 

STICK I
:
ORC:LS 

Stick forces and motion were satisfactory. The motion was a bit noticeable; I could feel 
myself having to impart a little damping to the system. 

PRLDICTABILITY OF RESPONSE 

Predictability of the initial response was good; seemed to be a fairly snappy airplane. 
There was a bit of a tendency to oscillate in the final response. 

PITCH ATTITUDE ONTROL/TRACKING CAPABILITY 

Pitch attitude control during ACM was fair.  When I attempted to track tightly, I ?ot a very 
slight oscillation.  I couldn't keep the pipper right where I wanted it.  Pitch attitude, although 
not good, was certainly acceptable. Tracking capability was only fair. There ^is a tendency to 
bobble, or get a very small oscillation of the pipper on the target, but it was minor. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was quite good, and I had good g control.  Longitudinal control 
in turns was good. During the ACM tracking there was still a tendency to oscillate or bobble the 
airplane a little bit which was not really very good but itlll acceptable. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence seemed to have a fairly pronounced effect on the airplane, moved it around quite 
a bit. The degradation due to random disturbance was more than just a minor amount, I'd say down to 
a moderate degradation with more effort required. 

GOOD FEATURES 

I could track with the airplane even though it wasn't very good.  I had good g capability 
.ind good maneuvering capability. 

OBJI.l.TIONABLE FEATURES 

A slight tendency to be unable to keep the pipper on the target.  Even though the bobble was 
very small, I think it should be eliminated. 

PRIMARY REASON FOR PILOT RATING 

What 1 saw was minor but annoying; it required some pilot compensation and needs to be fixed 
in order to be satisfactory. More effort was required and a moderate deterioration of performance 
occurred with random disturbances.  I got some undesirable motions with pilot inputs, but they were 
not really too bad. 
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CONFIGURATION 4A 
EVALUATION FLT 28 

WITHOUT TARGET PILOT A PR S PIOR 3 TR C 

ABILITY TO TRIM 

Ability to trim was good. 

STICK FORCES 

Stick forces were good and I had no second thoughts on the gear selection. Stick motions were 
barely noticeable and I thought they were good. 

PREDICTABILITY OF RESPONSE 

The initial response was pretty good; it was a snappy airplane, so that I could move the nose 
from one spot to another quite nicely.  The final response seemed to be a bit underdamped.  I would get 
about 3 or 4 oscillations, although they were damped, before I could get the nose settled down rieht 
where I wanted it. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

There was a little bit of a tendency for the initial response to be too abrupt and the final 
response to be under damped; so pitch attitude and tracking capability were not all that good, particu- 
larly when I tried to acquire a target rapidly.  1 just couldn't put the nose right on a point and hold 
it. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was really good, the airplane was quite maneuvcrable, no problem 
at all, and I enjoyed the maneuvering capability. Longitudinal control in steep turns also seemed to 
be good. 1 seemed to have less of an oscillatory problem tracking under higher g than I did tracking 
with just one g on the airplane. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbance seemed to have very little effect on the airplane, which surprised me a 
little bit since the airplane seemed lightly damped. Anyway, the effect was minor, a little more effort 
required but no more than a minor deterioration of performance. 

INSTRUMENT PLIGHT PROBLEMS 

During the discrete error tracking task it was quite obvious that I was getting several oscil- 
lations before 1 could get the airplane to settle down.  It sure took a lot longer to eet settled down 
on the target than I would have liked.  In random disturbance, it was less noticeable because it moved 
randomly and I coupled, so it was kind of hard to tell whether it was me or the displav that was moving. 
I really didn't see anything that didn't show up VFR. 

GOOD FEATURES 

It was a quite maneuverable airplane, I could pull a lot of g with no problem. 

OBJECTIONABLE FEATURES 

I really objected to the 3- to 4-cycle osc Uation that I would get, when tracking abruptly, 
before getting settled down on the target. I really wasn't too good at addine damping to the system 
mvself; I simply waited for it to damp itself out. 

PRIMARY REASON FOR PILOT RATING 

I believe it was acceptable, although I found the underdamped response was at least moderately 
objectionable. 
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CONFIGURATION 4A 
EVALUATION FLT lb 

REFUELING PILOT A PR 3 PIOR I 

ABILITY TO TRIM 

Ability to trim was good. 

STICK FORCLS 

Stick forces seemed to be just a little bit light, and the airplane was a little sensitive. 
If I started chasing the drogue, I'd overcontrol and oscillate the airplane a little. All I had to do 
was stop and just think about what I was doing, and I could stop the oscillation almost completely. 
But the stict forces were probably a little light. Stick motion was satisfactory. 

PktülCTABILIlY OF RliSPONSE 

Predictability of airplane response to pilot inputs was certainly good.  I could fly the task, 
I thought, with satisfactory precision. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control was good.  I thought I had good control capability.  I could fly the 
airplane up to and stop right where I wanted. So, tracking of the refueling drogue was good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was no factor. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was excellent; it was no problem at all. 

GOOD FEATURE1: 

I could do the task to my satisfaction and I thought 1 had real good precision of control with 
the airplane,  Not excellent, but it was good.  I had to avoid chasing the drogue because I tended to 
oscillate the airplane in a small pitch oscillation when I chased it. But if 1 would just stop and 
think about wha' T was doing, I could damp the oscillation or just let it go away. 

OBJECTIONABLE FEATURES 

None. 

PRIMARY REASON FOR PILOT RATING 

I thought there was some tendency to oscillate and it was a little bit objectionable.  It was 
no problem, certainly minimum pilot compensation was required to get the performance that I wanted. 

CONFIGURATION 4A 
EVALUATION FLT 17 

REFUELING PILOT A PR 1.5 PIOR 2 

ABILITY TO TRIM 

Trim was okay. 

STICK FORCES 

Stick forces were satisfactory, „ little on the light side, and I think that micht be part of 
the problem. Stick motion was satisfactory but noticeable because I found myself having to make 
numerous inputs. 

PREDICTABILITY OF RESPONSE 

Initial response was pretty good. The final response was a little bit oscillatory and I had 
some problem in keeping from hobbling the airplane. 
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CONFIGURATION 4A 
EVALUATION HLT 17 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the refueling was only fair with a tendency to bobble the air- 
plane.  1 thought the tracking capability, for the drogue at least, was only fair. 

NORMAL ACCELERATION CONTROL 

Normal acceleration seemed to be okay. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCK\FT 

Altitude control relative to the tanker was okay. We did tasks in the turn, and I could ^ct 
it hoiked up, but it still bobbled. 

GOOD FLATURtS 

It certainly could do the job.  I could get hocked up, but not as comfortably :is 1 would have 
liked. 

OBJECTIONABLE FEATURES 

Primarily the tendency to bobble the airplane, to overshoot my mark. I really had to disci- 
pline myself to fly on the tanker and up the hose and then into the drogue. When I tried ti find the 
drogue, I noticeably oscillated the nose of the airplane. 

PRIMARY REASON FOR PILOT RATING 

It had more than minor and annoying deficiencies, down to the point where it »as moderately 
objectionable, but, I could do the job. There was some tendency to get undesirable motions which 1 
wasn't very good at contrulling. 

CONFIGURATION 4D   WITH TGT 
EVALUATION FLT 2. 

PILOT A PR 8 PIOR 4 TR D 

ABILITY TO TRIM 

Ability to trim was actually pretty good.  I had to remind myself that 1 was ilway. trimmini;. 

STICK FORCES 

Stick forces were satisfactory.  Stick motions were satisfactory, but quite noticeable because 
the airplane oscillated quite a bit and there tended to be one continuous PIO.  When I tried to damp it, 
all 1 did was make things worse. There was no reason to reselect the gearing. 

PREDICTABILITY OF RESPONSE 

I think the airplane was very unpredictable to a pilot input.  When 1 tried to do anythina 
tightly, invariably I would get into a medium-frequency, relatively high amplitude, pi lot - induced 
oscillation. My inputs were really out of phase with the airplane motion most of the time. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during ACM was very poor.  1 just couldn't control it well enough to 
get any tracking out of it.  So the tracking capability also was very poor.  It was just not possible 
to do the task.  If 1 tried to do anything tightly, or any tracking at all, 1 would get into a quite 
significant destructive PIO as far as being able to track. 
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CüNMGUKATION -»D 
HVAi.UATION FLT 22   (Cont.) 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was very poor because of the continuous pilot-induced oscillations. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence did make things considerably worse and when I tried to negate the effect of turbu- 
lence, I really found that it exaggerated the DI0 and made it of much larger amplitude. 

GOOD FEATURES 

; could fly the airplane, I could maneuver it. 

OBJECTIONABLE FEATURES 

It was just impossible to track anything with this airplane. Anytime I tried to do any tight 
tracking, I would get into quite large amplitude, medium-frequency, pilot-induced oscillations. 
However, I could stop these by stopping whatever I was doing. 

PRIMARY REASON FOR PILOT RATING 

The airplane was certainly not acceptable.  I think in the context of the mission some compen- 
sation was required for control. There was considerable degradation in turbulence, a moderate de'eri- 
oration. Oscillations occurred anytime I attempted tight control.  I had to either reduce mv cain or 
abandon the task to recover. 

CONFIGURATION 4U 
LVALUA1ION FLT 30 

WITHOUT IGT PILOT A PR 9 PIOR 5 TR U 

ABILITY TO TRIM 

Ability to trim was good, no problems. 

STICK FORCES 

Stick forces were okay, nice and light.  Stick motions were a bit of a problem because the 
airplane was very PIO prone anytime I tried to do anything of i tight tracking nature.  As a matter of 
fact, it was almost impossible to fly a tight tracking task without getting into divergent oscillations. 

PRLDICTABILITY OF RESPONSE 

The airplane initial response was delayed noticeably; 1 could see that.  Final response was 
quite oscillatory, and if I tried to put the airplane right on a spot,  t continued to oscillate. Also, 
if I relaxed what I was doing, the airplane would damp itself out, so the airplane did have inherent 
damping. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control and tracking capability were practically nil. \nytimc 1 tried to do 
anything with the airplane, I would get a noticeable pi lot-induced oscillation, and n 1 tried to dc 
something tightly, ii wmld go divergent. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control for gross maneuvering was really not too nad.  1 could contpil it 
with no tendency to over g the airplane.  It was only when I tried to do any tight tracking that I uould 
get into serious oscillatory problems.  I could fly the airplane through steep turns and a. long as 1 
didn't try to do any tight tracking with it, it was okay.  When I did try to make small minor correc- 
tions it was noticeably PIO prone or noticeably divergent PIO-wise depending on how tighth I wished 
to control the airplane. 
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CONFIGURATION 4D 
EVALUATION FLT 30 (Cont.) 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances didn't really affect the airplane attitude very much;however, they kept 
the airplane moving quite a bit. The big problem was that when I tried to counter the random distur- 
bances, the airplane would get into a PIO, so the ultimate effect of the random disturbances was pretty 
bad.  I would certainly say in the best efforts required category with at least a moderate deterioration 
in my performance. 

INSTRUMENT FLIGHT PROBLEMS 

I just could not do either of the two IFR tracking tasks. All 1 could do was pull and then 
stop what I was doing, let the airplane damp itself out and hope that the horizontal bar was somewhere 
near center. So the discrete tracking was PI0-prone unless I made a conscious effort to stop making 
inputs. The random disturbance one was a continuous PIO because it obviously required continuous inputs. 

GOOD FEATURES 

1 could maneuver the airplane, could fly it, and I didn't feel that I was going to over g the 
airplane, but that was about the only good feature. 

OBJECTIONABLE FEATURES 

The major, and serious, objection was the PIO tendency of the airplane. The tighter I tried 
to fly the airplane, the more divergent the oscillations became. In general it was a very poor airplane 
with no tracking capability at all. When trying to do the tight tracking task, controllability may be 
a problem. All I could really do was, once the airplane started oscillating, just stop what I was 
doing and let the natural damping of the airplane stop it. 

PRIMARY REASON FOR PILOT RATING 

It certainly was not acceptable for the mission.  I think it was down to the point where retain- 
ing control was a real problem. 

CONFIGURATION 40   REFUELING   PILOT A   PR 4   PIOR 2 
EVALUATION FLT 18 

ABILITY TO TRIM 

Trim wasn't very good.  I never did really get ;r »-rimmed.  I'm not sure if it was because I 
was looking at the tanker, at the nose climbing a little bit, giving me a different reference. 

STICK FORCES 

Stick forces were initially very light, and I changed the gearing to make them heavier and more 
acceptable. Stick motion was satisfactory.  It was very small, barely noticeable. 

PREDICTABILITY OF RESPONSE 

The initial response seemed to be pretty good but the final response was a little bit oscil- 
latory.  I did have the capability of damping it out. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the refueling was fair; certainly not as precise as some •'.hat 
I've seen.  I didn't have nice fine control, and I'm not sure whether it was because I was modifying my 
technique to get real light grip on the stick or whether it was something else.  I didn't feel very 
comfortable with it. Tracking capability was in that same category. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was not looked at. 
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CONFIGURATION 4D 
EVALUATION FLT 18 (Cont.) 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was poor. It seemed to be better in close than when 
I was way out where I set up a one- or two-cycle oscillation. 1 may have been 10 or so feet from the 
drogue when I would get longitudinal oscillations so it just wasn't very good. 

GOOD FEATURES 

It certainly could do the job. 

OBJECTIONABLE FEATURES 

Not as precise as I would have liked it to be. The tendency to bobble the airplane a little 
bit before getting to the drogue. The pilot does have to impart damping into the system.  I really 
didn't feel comfortable with it, primarily because of the tendency to bobble the airplane farther out. 
There was some undesirable motion that I could eliminate by imparting damping into the system. 

CONFIGURATION 5A 
EVl.UATION FLT 24 

WITH TfiT PILOT A PR 6 P10R 3.S TR E 

ABILITY TO TRIM 

The ability to trim was good.  No problem with establishing a trim position. 

SUCK FORCES 

Stick forces and motions were satisfactory, no real problems. 

PR1.DICTABIL1TY OF RESPONSE 

The initial response was quite snappy and the final response was a bit oscillatory.  The final 
response was, I thought, the cause of most of my problems. 

PITCH ATTITUDE CONTROL/TRACK INC CAPABILITY 

Pitch attitude control during ACM was only fair.  I had to impart a lot of damping to the 'otal 
system and I noticed myself moving the stick quite a bit.  The nose tended to oscillate quite a bit 
during the tracking. The tracking itself was very poor, although I am willing to admit that one mi ht 
get several shots into the target. The nose of the airplane moved around considerably during the track- 
ing run and it looked a little like a pilot-induced oscillation.  I'm really not sure that was the ^ase. 
I just wasn't very good it damping out the oscillations, but it was not something that seemed to progress 
in a classical 110 form where the pilot seems to feed the oscillations.  The tracking WMS poor; I would 
say marginally acceptable. 

NORMAL ACCELERAIION C0N1I;0L 

Normal acceleration control was really not too bad; I could pull g and maneuver the airplane 
quite well.  During turn^ it was okay holding steady g, when I had it established, but invariably I 
would oscillate the airplane getting a steady g established. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

The turbulence really had an effect on the airplane; moved it around quite dramatically and I 
seemed to make things worse when 1 tried to counter the turbulence. I thought it was in the best efforts 
required category, with at least a moderate deterioration. 

COOD FEATURES 

I could certainly maneuver the airplane, pull a lot of g.  That was probably its best feature. 
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CONFIGURATION 5A 
EVALUATION FLT 24 (Cent.) 

OBJECTIONABLE FEATURES 

The tracking was very poor; however, I thought it was a case where I might get a shot off. 
The pilot has to impart damping to the system, which I wasn't very good at. The big objection was the 
turbulence response. 

PRIMARY REASON POR PILOT RATING 

I thought that it was marginally acceptable. 

CONFIGURATION SA   REFUELING   PILOT A   PR 4   PIOR 2 
EVALUATION FLT 17 

STICK FORCES 

Stick forces were satisfactory, but light.  In close there was a tendency for me to bobble the 
airplane a little. 

PREDICTABILITY OF RESPONSE 

Predictability of the airplane's initial response was very good. The airplane was snappy and 
I had really fine control of the initial response. The final response was lightly damped but I could 
damp the system easily enough. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during refueling was interesting in that about 10 or IS feet out from 
the drogue, I would almost consistently go through a little oscillation.  But when I got up close to the 
basket, I had really fine attitude control; I was able to put the probe in the basket reasonably well. 
So the tracking capability was probably okay as far as tracking a drogue. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was no,problem. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control wa>; good, except for the tendency to oscillate; longitudinal control in turns, 
even hooked-up, was no problem. 

GOOU FEATURLS 

I liked the fine attitude control up close to the drogue. 

OBJLCTIONABLE FEATURES 

The tendency for the airplane to be lightly damped was objectionable, but it only seemed to 
affect my hook-up capability when I was a little out from the drcgue.  It was sufficient that it would 
make it disagreeable for you.  I thought that should be fixed.  I had to use very, very small inputs 
to the stick.  I did have to impart damping into the system. 

PRIMARY REASON FOR PILOT RATING 

The tendency to oscillate 10 or so feet out behind the drogue was not much more than annoyin^. 
I did have to work at it a little bit.  I did get some undesirable motion when a short distance out, 
but once I got up close and did the very fine minor adjustments, it didn't seem to be a problem. 

CONFIGURATION 5A   REFUELING   PILOT A   PR 6   PIOR 2 
EVALUATION FLT 18 

ABILITY TO TRIM 

Trim was okay. 
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CONFIGURATION SA 
EVALUATION FLT 18 (Cont.) 

STICK FORCES 

Stick forces were satisfactory, a little bit light for the initial response and a little heavy 
maybe for the final response, but okay. Stick motion was satisfactory but the thin); I did notice was 
that I really had to discipline myself to make snail inputs, or I would get the nose oscillating a fair 
amount. This happend when I got in close; I just hud to concentrate on making small inputs. 

PREDICTABILITY OF RESPONSE 

Initially, the response cane on a little fast, and the final lesponse was quite oscillatory. 
Interestingly enough, I did get some oscillations that made it to the basket but the worst part of it 
was 10 or 15 feet back fron the basket. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the refueling was really poor, particularly at a short distance 
out, and then as I got up close to the basket I still didn't have very good precision. I oscillated 
the probe into the basket quite a few times, and I missed a couple of times. Tracking capability 
followed that of the pitch attitude control. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was not checked. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was only fair. There was a tendency to just sit 
there with a fairly high frequency oscillation going, but it really didn't change the altitude very 
much so I guess it was really not very bad, but it wasn't really good either.  I did notice, however, 
that once I would get hooked up, I really had to damp the airplane to keep it from oscillating while 
it was connected to the other airplane. 

GOOD FEATUREc 

I guess the only good feature was that I could do the job. 

OBJECTIONABLE FEATURES 

The tendency to set up medium-amplitude oscillations 10 or 15 feet behind the drogue. As I 
got into the drogue, I was almost always hobbling as I got hooked up; then when I tried to hold forma- 
tion with the tanker, I tended to bobble the airplane some more. I really had to be light on the con- 
trols just before hook-up and afterward, while hooked-up, so that I didn't get the oscillation excited. 

PRIMARY WEASON FOR PILOT RATING 

I think the airplane was acceptable for the job but I felt it was very objectionable and it 
required excessive pilot compensation. PIO was really not a good description for the oscillatory ten- 
dency because it was mostly just getting the airplane excited, but then I could damp it and not augment 
the oscillation. 

CONFIGURATION 5A   REFUELING   PILOT A   PR 5   PIOR 2 
EVALUATION FLT 19 

ABILITY TO TRIM 

The ability to trim was fair to good. The airplane was a little oscillatory on its own, and 
that created some problems but nothing really serious as far as the trim was concerned. 

STICK FORCES 

Stick forces and motions were satisfactory. I didn't see any need to reselect any gearings at 
all. 
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CONFIGURATION 5A 
EVALUATION FLT 19 (Cont.) 

PREDICTABILITY OF RESPONSE 

The initial response was relatively snappy and the final response was a bit oscillatory. I 
would get several oscillations when I was trying to do something precisely with the nose and I wasn't 
very good at getting the airplane hooked up with the precision that I would have liked. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the refueling was, at best, fair. I never had really nice, fine 
control so that I felt I could put the probe or nose right where I wanted. So tracking capability on 
the drogue itself was fair. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was a bit oscillatory, but fair enough. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude relative to the tanker was good, but there was a tendency for me to get several 
oscillations before getting up to the drogue, and that created some problems. Then there was the ten- 
dency to oscillate as I was hooking up and even after I had hooked up with the tanker.  I flew one turn 
behind the tanker not hooked up a'd it seemed to be okay in a steady turn. 

GOOD FEATURES 

I was not really very good at it but I could do the task. 

OBJECTIONABLE FEATURES 

Primarily the oscillatory tendencies of the airplane, which were not pilot-induced oscillations 
so much, but looked like just natural airplane oscillations. I really had to impart damping to the 
system and I wasn't very good at that.  It oscillated prior to, Jiring, and after the hook-up. 

PRIMARY REASON FOR PILOT RATING 

I thought it was moderately objectionable and needed to be fixed. Therefore it wasn't con- 
sidered satisfactory, but I could do the task. Undesirable motions did occur, and I could prevent them 
a little bit by pilot technique, but I really had to work at it. 

CONFIGURATION SD   REFUELING   PILOT A   PR 8   PIOR 4   TR NONE GIVEN 
EVALUATION FLT 18 

ABILITY TO TRIM 

Ability to trim was okay. 

STICK FORCES 

Stick forces were light, but acceptable, and the stick motion was satisfactory.  I cut the 
gearing in half and that didn't seem to help very much so I went back to the original gearing. 

PREDICTABILITY OF RESPONSE 

Predictability of the airplane response to pilot inputs was just ridiculous.  It was a continu- 
ous PIO anytime I tried to do anything up near the drogue or even just fly the airplane. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the refueling was just impossible; no way I was ever going to 
accomplish the task. Tracking capability was just ridiculously bad. 

NORMAL ACCELERATION CONTROL 

I couldn't control it; it was just a continuous oscillation. 
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CONFIGURATION 50 
EVALUATION FLT 18 (Cont.) 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was poor. There was just no way that I was going to 
stay anywhere near where I wanted to be. 

GOOD FEATURES 

I didn't feel like I was going to lose control of it and the oscillations were not really 
divergent although they were certainly zero damped. 

OBJECTIONABLE FEATURES 

The big objection of course was the inability to do the job because of the quite large oscil- 
lations that result anytime I tried to do any tight tracking task. I just had to stop whatever I was 
doing and let it damp itself out. 

PRIMARY REASON FOR PILOT RATING 

I certainly had to stop what I was doing in order to maintain control.  I really had to pay 
attention to what I was doing, or I think it would have gone divergent and I would have to back off. 
I really couldn't perform the task very tightly.  I didn't think it was one of those things where you 
would get divergent oscillations, but certainly down to where control is of concern. I did get near 
zero-damped oscillations and I had to abandon the task or reduce the gain in order to recover the 
airplane. 

CONFIGURATION 5E 
EVALUATION FLT 21 

WITH TGT PILOT A  PR 8 PIOR 4 TR C 

ABILITY TO TRIM 

Ability to trim wasn't too bad. 

STICK FORCES 

Stick forces were satisfactory. Stick motions were satisfactory; however, they were quite 
noticeable. There was continuous stick pumping anytime I tried to track the airplane because I was in 
a PIO the whole time. 

PREDICTABILITY OF RESPONSE 

Predictability of the airplane response to pilot inputs was very poor.  Initial response was 
a little bit slow and then it would take off. When I tried to do anything in a tight tracking maneuver, 
it would just continue to oscillate at about a zero-damped, medium frequency.  I would say that the 
airplane response was very unpredictable and, as a matter of fact, I didn't have much control over it. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control was extremely poor. It was just impossible during air combat naneuvers 
to track the other airplane. So the tracking capability was nil. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control, surprisingly enough, was not too bad. For gross maneuvering I 
could pull g and even though the airplane was a bit oscillatory, it really didn't make me fee I that I 
was going to over g the airplane. Once again, there was a continuous pilot-induced oscillation.  In 
turns it was the same thing. Anytime I tried to do anything a little abrupt or a little bit tight with 
the lirplane, it would get into medium-frequency, zero-damped, pilot-induced oscillations. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence made things worse, but not too much worse because it was already pretty b d.  It was 
enough, though, to cause me to say that there was at least some more effort required with a moderate 
deterioration in task performance. 
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CONFIGURATION 5E 
EVALUATION FLT 21 (Cont.) 

GOOD FEATURES 

I could pull g with the airplane.  I could maneuver it around even though it was only fair. 

OBJECTIONABLE FEATURES 

Anytime I tried fo  do a tight tracking task, I would get into a continuous pilot-induced 
oscillation.  I could find no way that allowed me to stop the oscillation except to back off and 
release the stick. 

PRIMARY REASON FOR PILOT RATING 

The airplane was unacceptable; it was down to the point where I was worried about compensation 
for control. 

CONFIGURATION 5E   WITHOUT TGT   PILOT A   PR 9   PIOR 4.S   TR D 
EVALUATION FLT 27 

ABILITY TO TRIM 

I thought ability to trim was quite good.  I could trim it up very nicely with no problem. 

STICK FORCES 

Stick forces in general were quite heavy to me. But I didn't think that I wanted much lishter 
force, because there was a real tendency toward a PIO that was a little bit divergent when I really 
attempted to track aggressively and tightly. So stick forces were heavy, but I thought they were okay. 
Stick motions were quite noticeable because I really found myself pumping the stick to try to damp the 
airplane, and that turned out to be the worse thing I could do. What I finally ended up doing was to get 
the airplane pretty much at the attitude I vanted, then kind of relaxed on the stick and let the airplane 
damp out to see where the attitude was going to be. Of course that was not a very practical wiy 
to track something, but at least it cut down on the oscillations. So there was quite a bit of stick 
motion involved but primarily because I was pumping the stick. No real second thouehts, however, on 
gear selection. 

PREDICTABILITY OF RESPONSE 

The airplane response was quite unpredictable.  It was very sluggish initially as I made an 
input, and then it was almost as if I could count a thousand one, a thousand two, before the airplane 
began to respond. The tendency then was to dig in so that, in general, the predictability of the air- 
plane response, either the initial or final response, was very poor. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

My ability to control pitch attitude while tracking was very poor, very limited and in general 
quite unacceptable. When I did tl> to track closely I would say that the oscillations were getting 
to the point where they were approaching beinp divergent. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control as far as trying to pull a given g and trying to hold it was poor; 
however, I could maneuver the airplane and once I got it in a steady-state maneuver, it didn't ever 
feel like I was going to pull more g than I wanted in a gross maneuver. However, in tracking, some of 
the oscillations I got were quite large. In the tracking, the control of normal acceleration was poor; 
just for general maneuvering,when I wasn't trying to do something tightly, it was okay.  In steep turns, 
I didn't have real fine control of the longitudinal but I could sure make steep turns and maneuver the 
airplane as long as I wasn't trying to do things precisely. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances moved the airplane quite a bit; therefore, when I tried to track in the 
presence of random disturbances, it compounded the problems and made it even worse. 
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CONFIGURATION 5E 
EVALUATION FLT 27 (Cont.) 

INSTRUMENT FLIGHT PROBLEMS 

Looking at both the tracking Maneuvers head down (IFR) in the cockpit, I wasn't veiy good with 
either one of them. As a matter of fact, I had to force myself to lower my gain and use a technique 
that I described earlier where you have to make an input, wait, and see where it settles down, hoping 
that you are somewhere near the needle. This was completely unacceptable. 

GOOD FEATURES 

I guess there weren't any good features. I could maneuver the airplane throughout gross 
maneuvers reasonably comfortably. 

OBJECTIONABLE FEATURES 

There was quite a strong tendency toward pilot-induced oscillations and the like when trying 
to do anything of a tight tracking nature. So, in general, I thought the airplane was quite unaccept- 
able for the fighter mission and getting down to the point where controllability was certainly a prob- 
lem. 

PRIMARY REASON FOR PILOT RATING 

The airplane was controllable, but, when I did tight tracking I really had to worry about the 
controllability of the airplane. I really thought it was bad. The oscillations when I tried to do 
real tight tracking were approaching the point of being divergent, but it wasn't something that would 
get away from you. 

CONFIGURATION 5E   REFUELING   PILOT A   PR 9   PIOR S   TR NONE GIVEN 
EVALUATION FLT 19 

ABILITY TO TRIM 

I really can't comment on the ability to trim; I didn't. 

STICK FORCES 

Stick forces were satisfactory. The stick motions were quite noticeable because of the large 
tendency to PIO, and it was quite obvious that I was causing the PIG. 

PREDICTABILITY OF RESPONSE 

The airplane response was quite unpredictable; initial response was slow and in the final 
response, I had a large tendency to overcontrol the airplane. It was just a matter of luck as to 
whether I was going to end up where I wanted. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the refueling was very poor, completely unacceptable. The 
closer I got to the drogue the larger the amplitude of the PIO's became. So the capability of tracking 
the drogue was very poor. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was poor. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was very poor. As I got closer to the drogue I got 
quite large amplitude oscillations, there was no way I was going to get near the drogue. 

GOOD FEATURES 

I could fly the airplane. I really didn't think it was going to be too bad when I first 
started out. 
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CONFIGURATION 5E 
EVALUATION FLT 19 (Cont.) 

OBJECTIONABLE FEATURES 

As I got very close to the drogue, the large PIO's took over; that was the major objection. 

PRIMARY REASON FOR PILOT RATING 

The unpredictability of the response and the tendency toward divergent PIO's as I tightened 
up on the task make the airplane completely unacceptable. The only thing I could do was abandon the 
task and back off. I don't think you'd ever get the refueling accomplished. I think intense pilot 
compensation is required for control because of the divergent oscillations when attempting to do the 
task. You have to abandon the t-.sk or back off. 

CONFIGURATION 9    WITH TGT   PILOT A   PR 6   PIOR 1   TR B 
EVALUATION FLT 20 

ABILITY TO TRIM 

Ability to trim was very poor. I wasn't sure if it felt stable or not, but it was. 

STICK FORCES 

The initial stick forces were completely unacceptable to me for the fighter mission. I got 
very tired of pullin{ on the stick. Stick motion wasn't nearly as noticeable as the stick forces were. 
I lightened the stick force, and I could't see a big difference. There was more of a tendency to over 
g the airplane with the  lighter forces, but I didn't get them light enough that it felt like I was going 
to break anything. So trying to get heavy enough forces to give me g protection yet light enough to 
maneuver the airplane was a compromise that was difficult to achieve. 

PREDICTABILITY OF RESPONSE 

I thought the initial response was very slow and the final response was a little bit unpre- 
dictable. Predictability of the response was very poor for both the initial and final. For the final 
response, once I got it pointed where I wanted, it would stay there. There was not much of a tendency 
for the attitude to change. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during ACM was very poor. It was much too slow to be a good, comfort- 
able tracking airplane. Forces were heavy, and the combination of heavy forces and the slow pitch 
response made for a very poor flying airplane. Tracking capability was interesting; once I got it on 
the target, I could hold it there and I could track as long as the target airplane made a nice steady 
flight path. When he changed, or I got off, it took me quite a while to get it back on the target. 
So, the tracking capability was great as long as I didn't have to make any changes. But other than 
that it was very poor because it was too slow getting on the target. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was one of the poorer features of the airplane. I got quite a 
negative g when I tried to pull up and go over the top to roll in on the target. Longitudinal control 
in turns during ACM was only fair. It was a very heavy airplane, at least with the initial forces, 
and not much better with the final. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence didn't seem to move the airplane very much. It didn't really detract from the 
performance very much. There was a little more effort required, but no real significant deterioration. 

GOOD FEATURES 

I could keep it in the sky until I over g'd it, but it really wasn't very good. 

191 

mm r i^r^--' — -■-■ ■■'—^■'"~■—< **'- iA^UMI 



■ •'< ■W^IWIM"^.^!«,1! ■PiBB>n»"»wra««HW!Mi HHW.WMIM.MIIIW'1 ■«»a^.U.'''!V.'.lJM mmvi.m'if.jm' i. ii.m m i iii>iif.iii nHPH 

CONFIGURATION 9 
EVALUATION FLT 20 (Cont.) 

OBJECTIONABLE FEATURES 

The very heavy forces and the tendency of just not being able to get the pipper back on target 
were objectionable. I really had to stay ahead of the airplane and be very smooth, because once off 
the target, it was difficult to get back on, 

PRIMARY REASON FOR PILOT RATING 

I don't really think I would buy this for the fighter mission. I could track the target a 
little bit; it just took a long time to get on target. I didn't like the forces or the g capability. 
I thought I could do the job, but I found the airplane to be very objectionable. It was tolerable, I 
could do it, but not very well; I could track him I would have to admit. There was really no undesir- 
able motion; I just couldn't make the airplane move very abruptly. 

CONFIGURATION 9   REFUELING 
EVALUATION FLT 16 

PILOT A HK 5 PIOR 5 TR NONE GIVEN 

ABILITY TO TRIM 

Ability to trim was very poor. 

STICK FORCES 

Stick forces were satisfactory but the couple of large maneuvers that we did following the 
step input indicated that it was not a very good airplane. Stick motion, however, was satisfactory, 
very small. 

PREDICTABILITY OF RESPONSE 

Predictability of the airplane response to pilot inputs was poor, but I did adapt to the 
airplane and got better, and by the end I was getting satisfactory. So the initial response was very 
slow and the final response was also slow. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 
j 

It was difficult to control pitch attitude although not impossible.  In the refueling 
portion, when I first got up there I wasn't sure I was going to make it, but as I adapted to the air- 
plane I was doing much better. Tracking capability during the in-flight refueling was only fair. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was poor. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was fair.  I did stay hooked up in part of a turn and 
I did set up a slight oscillation, but I got it damped out. 

GOOD FEATURES 

I would have to say it was acceptable; I could do the task, 

OBJECTIONABLE FEATURES 

With the tendency to overcontrol and the very slow response, I really had to go gingerly on 
the controls to keep the airplane from getting away from me.  If I tightened up on the controls I would 
get a PIO. 

PRIMARY REASON FOR PILOT RATING 

I thought it was mildly objectionable, but I thought it was adequate.  I did get undesirable 
motions when I attempted tight control. 
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CONFIGURATION 9   REFUELING   PILOT A   PR 6   PIOR 2   TR NONE GIVEN 
EVALUATION FLT 18 

ABILITY TO TRIM 

The ability to trim was very poor. I had a lot of difficulty just getting the airpiane to 
stay in level flight. 

STICK FORCES 

Stick forces were pretty wild. I pulled up to roll to another target and almost went to 
negative g as I tried to roll over. So normal acceleration control just from that was unsatisfactory, 
even unacceptable. Stick forces were okay for very small amplitude maneuvering. Stick motion was 
satisfactory, but it was really a slow motion airplane. I would find myself having to make a little 
input and just discipline myself to wait for something to happen and not do anything abruptly. So 
the fact that I had to really discipline my inputs was noticeable. 

PREDICTABILITY OF RESPONSE 

The airplane response was quite unpredictable. The initial response was very slow, but there 
was a tendency to take off in the final response. I had to make real small, close-type inputs and just 
wait for things to happen. 

PITCH ATTITÜDE CONTROL/TRACKING CAPABIUVY 

Pitch attitude control during refueling was very poor. I did get it hooked up. I could do 
the mission, but I never got very good at it. I did not adapt to the airplane very well. The track- 
ing capability for in-flight refueling was poor. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control »an complrtelv unacceptable. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

I really had to stay on top of.it and make sure that I didn't make a very large input. I made 
one turn when not hooked up, and that was very poor. 

GOOD FEATURES 

Really none. I could get it hooked up to the tanker but I really had to discipline myself 
not to do anything at all very rapidly. 

OBJECTIONABLE FEATURES 

A very slow response and the strong tendency to overcontrol was very objectionable. The 
discipline required to keep vnyself from making a large input really was very poor. I liad to put in a 
little pulse and hold it and wait to see what was going to happen. 

PRIMARY REASON FOR PILOT RATING 

I found it very objectionable for the refueling task itself. I think I could do the job, but 
I think it certainly required extensive pilot compensation. The airplane was slow responding and 
wanted to take off on me; that was the problem, not any oscillatory pilot-induced type oscillations. 

CONFIGURATION 9   REFUELING   PILOT A   PR 5   PIOR 2   TR NONE GIVEN 
EVALUATION FLT 19 

ABILITY TO TRIM 

Ability to trim was poor. 

STICK FORCES 

Stick forces and motions were satisfactory. 
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CONFIGURATION 9 
EVALUATION FLT 19 (Cont.) 

PREDICTABILITY OF RESPONSE 

Predictability of airplane response to pil.t inputs was only fair. There was a very slow 
initial response and a tendency to oscillate going into the drogue. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control was only fair, with a tendency to oscillate before and just after 
hook-up. The tracking capability was only fair. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was poor. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relativ? to the tanker was good. 

GOOD FEATURES 

I could do the job but there was nothing really very good about it. 

OBJECTIONABLE FEATURES 

The tendency to oscillate was objectionable. It was hard to get a hook-up, I really had to be 
ginger on the controls and do nothing abruptly. 

PRIMARY REASON FOR PILOT RATING 

It was moderately objectionable. Undesirable motions were there when I tried abrupt 
maneuvers. 
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CONFIGURATION 10   WITH TGT   PILOT A   PR 3   PIOR 1   TR B 
EVALUATION FLT 21 

ABILITY TO TRIM 

Ability to trim was poor. I think I've seen some that were worse, but in general the trim- 
ability was poor. 

STICK FORCES 

Stick forces and motions were quite satisfactory. 1 didn't see any reason to reselect the 
gear ratio. 

PREDICT."HILITY OF RESPONSE 

The predictability of the airplane response was good. I noticed that it was a little slow 
initially but I had real fine control, and keeping the pipper on the target didn't seem to be too dif- 
ficult. This was a little bit of a slow motion airplane, but okay. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the ACM was good. I was able to track the target reasonably 
well. The tracking was not excellent, but it was good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was good. We did some fairly significant maneuvering, and I was 
able to keep up with the other airplane quite nicely. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence seemed to have very little effect, which was a good feature. 

GOOD FEATURES 

I thought the tracking was good. 

OBJECTIONABLE FEATURES 

Minor objection to the slow initial response and a bit of a tendency to overcontrol.  In 
general, it was a well damped airplane with which I was able to track reasonably well. 

PRIMARY REASON FOR PILOT RATING 

I thought it was acceptable; some of the deficiencies I found were mildly unpleasant. 

CONFIGURATION 10   REFUELING   PILOT A   PR 6   PIOR 3 
EVALUATION FLT 17 

ABILITY TO TRIM 

Ability to trim was fair to poor. 

STICK FORCES 

Stick forces and motions were satisfactory; they weren't a problem. 

PREDICTABILITY OF RESPONSE 

Predictability of the airplane response was poor. I didn't have real fine initial control. 
Initial response was quite slow; consequently, stopping the airplane once I got it started seemed to be 
difficult. The general response characteristics of the airplane were poor. 
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CONFIGURATION 10 
EVALUATION FIT 17 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch -attitude control during the refueling was poor.  I could do the job, but I really worked 
hard. Tracking capability was poor. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was not really tested. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was good. The kinds of motions I wa' talking about 
were small enough so that I never felt as if I didn't want to hook the airplane up, but I wasn't very 
good at it.  Longitudinal control during the refueling was poor; I did some hook-ups in a turn and I 
had considerable difficulty. 

GOOD FEATURES 

I thought I could do the job; I could get it hooked up. 

OBJECTIONABLE FEATURES 

Just poor performance.  I got up to the drogue, but I didn't always make a hook-up.  1 never 
could get the nice, fine corrections needed for good refueling hook-ups. There really was no technique 
that allowed me to do the job as well as I wanted. 

PRIMARY REASON FOR PILOT RATING 

I »-eally think you could do the job but it takes a lot of pilot compensation; I really worked 
on that evaluation.  I was having trouble controlling the airplane.  1 was getting motions that I didn't 
like and I really had to sacrifice task performance but I couldn't stop them very well either. 

CONFIGURATION 10 
EVALUATION FLT 19 

REFUELING PILOT A PR 4 PIOR l.S 

ABILITY TO TRIM 

Ability to trim was fair to good. 

STICK FORCES 

Stick forces were satisfactory, and the motions were satisfactory, but noticeable.  It was 
a confusing airplane because sometimes I could do a real good job, and at other times I didn't seen to 
do so well; I couldn't really understand why. 

PREDICTABILITY OF RESPONSE 

The airplane rfspcnse seemed to be a little bit slow initially. Sometimes I would get up to 
the drogue, and I ji'M didn't feel that I had the airplane under as fine a control as I would like. 
I'd often get a one-cycle oscillation into the drogue. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control was certainly good.  I could fly it up, and sometimes I'd hold the 
probe in the basket, and then complete the hook-up. At other times I didn't seem to be able to do that. 
I would say tracking capability was fair to good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was not as good as I would have liked. 
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CONFIGURATION 10 
EVALUATION FLT 19 (Cont.) 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was good. 

GOOD FEATURES 

I certainly could do the job; an acceptable airplane. 

OBJECTIONABLE FEATURES 

Just not as fine control as I would have liked, but that was a minor objection. I just 
couldn't quite hack the precision there at the end as well as I would have liked. I had to be a little 
bit careful, when I got it near the basket, not to make an abrupt change because it would move faster 
than I would want. I'm going to call these minor but annoying deficiencies. There was some tendency 
to introduce undesirable motions, particularly if I did something abruptly. 

CONFIGURATION 11 
EVALUATION FLT 4 

WITH TGT PILOT A PR 2.5 PIOR 1 TR B 

ABILITY TO TRIM 

I didn't think the ability to trim was very good.  I had some difficulty getting the airplane 
trimmed. 

STICK FORCES 

I thought the stick forces were a little heavier than I wanted at first, but as I flew the 
airplane and adapted to them, I didn't think they were too bad. So the forces were satisfactory. 
Stick motion was not noticeable; I thought it was quite satisfactory. I probably should have looked at 
a little lighter force just for my own identification, but I Jidi 't.  I am willing to say that what we 
had was satisfactory. 

PREDICTABILITY OF RESPONSE 

I thought the airplane predictability to pilot response was very good; I was reasonably im- 
pressed with my ability to track. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

The pitch attitude control was very good. Tracking capability I thought was excellent. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control also seemed to be quite good.  Longitudinal control in the turns 
was really quite good.  I found that my tracking capability was good. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence didn't seem to have very much influence on the airplane either. As a matter of 
fact, I could counter the turbulence inputs and maintain a fair degree of tracking capability. 

GOOD FLATURES 

I thought the tracking capability and the acceleration control of the airplane were quite good. 
In genera!, it was a very comfortable airplane to fly. As a matter of fact, I flew it reasonably 
aggressively and enjoyed it. 

OBJECTIONABLE FEATURES 

One very minor objection was that the stick forces were a little heavy, but compatible with 
the airplane. 

PRIMARY REASON FOR PILOT RATING 

It was satisfactory. There was definitely no tendency to induce PIO's or undesirable motions. 
There was no significant deterioration of ray performance in the presence of random disturbances. 
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CONFIGURATION U 
EVALUATION FLT 50 

WITiOUT TGT PILOT A PR 4.S PIOR 1 TR B 

ABILITY TO TRIM 

Ability to trim was poor. There was not a very well defined trim position. 

STICK FORCES 

Stick forces were heavy. It did seem to provide noticeable g protection in that I didn't 
over g the airplane even though I had a very slight tendency to dig in a little bit. Stick motions were 
noticeable, I guess because of the heavier forces, but they were still okay. 

PREDICTABILITY OF RESPONSE 

The initial response was a bit slow and it took a quite noticeable, large input to get the 
airplane to respond as fast as I wanted. In general, I didn't like the speed of the response initially. 
Final response, however, seemed to be well damped. There was a tendency to overshoot the target maybe 
just once and then stop there, but it worked out pretty good. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control and tracking capability were fair.  It was a well damped airplane 
with no tendency to move around once it was settled down on the target. The biggest complaint I had 
was the slow initial response and the inability to get it on a target. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was likewise fair; too slow coming on and it took a lot of force 
to hold it there but my control of it seemed to be pretty good. No problem in steep turns; I could 
make steep turns and hold the g with no real difficulty. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbance didn't seem to have much of an effect on the airplane; it was barely 
noticeable. Perhaps in the "more effort required" category, but no deterioration of my performance. 

INSTRUMENT FLIGHT PROBLEMS 

On the two tracking tasks (IFR), I noticed the same things that I had seen before. On the 
discrete tracking it was just slow in getting up to the point I wanted, and there was a tendency to 
overshoot it maybe one time and then settle down. On the random tracking, I was almost always behind 
because of the slowness of the initial response. 

GOOD FEATURES 

The airplane was raaneuverable. I didn't feel that I was going to over g, although there 
was a slight tendency to dig in. Tracking was fair. 

OBJECTIONABLE FEATURES 

The slow initial response was objectionable, I liked the fact that the airplane was well 
damped and once it got to where I wanted, it would stop with one overshoot and stay on the target.  I 
also objected to the heavy stick forces. It took quite large inputs to get the airplane to move 
rapidly initially, and then I had to ease out or check forward to maintain my positive g. 

PRIMARY REASON FOR PILOT RATING 

I think what I saw was acceptable.  It had a little more than a minor deficiency, 
do the job, you can track, but it is a very slow airplane. 

You can 
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CONFIGURATION 11   REFUELING   PILOT A   PR 2.S   PIOR 1 
EVALUATION FLT 17 

ABILITY TO TRIM 

Ability to trim was fair. 

STICK FORCES 

Stick forces and motion were good. 

PREDICTABILITY OF RESPONSE 

The initial response was a little bit slow coming on, but I was surprisingly good with the 
airplane. This was a very solid airplane, hardly moved around the sky, but the initial response was 
a little slower than 1 would have liked. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the refueling was quite good. Not as snappy as I would have 
liked, but acceptable and satisfactory. Tracking capability was good; no problem with that. 

ALTITUDE CONTROL RELATIVE TO TANKER AIRCRAFT 

Altitude control relative to the tanker was good. 

GOOD FEATURES 

It was really a solid-feeling airplane I think. I could get it hooked up quite nicely. 

OBJECTIONABLE FEATURES 

The initial response was slow and I couldn't get that nice, fine control I wanted. 

PRIMARY REASON FOR PILOT RATING 

You could do a good job with the airplane. It was satisfactory; there was no problem. I 
needed a little finer control. There was no tendency to set up pilot-induced oscillations. 

CONFIGURATION 6B   WITH TGT   PILOT A     PR 5    PIOR 2    TR C 
EVALUATION FLT 2 

ABILITY TO TRIM 

I didn't see any problems with trimming the airplane; I thought it was certainly okay. 

STICK FORCES 

Stick forces were just about what I thought I would like as far as comfort for pulling e. 
but may have contributed to the tendency I had to overcontrol the g. Anyway I thought the forces 
were quite satisfactory for the air-to-air task. Stick motion was satisfactory. I didn't even feel 
that I was moving the stick and I liked that. For small, continuous tracking corrections, the forces 
were just about right. 

PREDICTABILITY OF RESPONSE 

Response of the airplane to pilot inputs was quite nice for small inputs. But when I tried 
to maneuver the airplane grossly, the g built up much faster than I expected, and I found myself 
having to stop the g build-up by either easing off or moving the stick forward. A couple timns I 
inadvertently disengaged the system when I didn't mean to because I was watching the g and the g just 
actually built up when 1 didn't think it was going to. 
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CONFIGURATION 6B 
EVALUATION FLT 2 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

The attitude control, in general, was not really poor, but not good either in that I had a 
strong tendency to overcontrol. It was particularly noticeable when I tried to make a rapid or abrupt 
maneuver following the other airplane. The tracking capability, however, was relatively good. Once I 
was following and tracking steadily, making small corrections wasn't all that much of a problem. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was the biggest problem. Maneuvering the airplane abruptly, I 
would overcontrol. There was a tendency to over g the airplane. The longitudinal control in turns, 
once I had a steady g on the airplane, making small corrections about it was no problem. The biggest 
problem was achieving a steady g. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence didn't really seem to be a major factor; it reduced my tracking capabilities 
somewhat.  It was more noticeable lateral-directionally than it was in the longitudinal mode, but it 
did make the task more difficult. Lateral-directional control was satisfactory. 

GOOD FEATURES 

I liked the way the airplane tracked, and the light stick forces I had in steady maneuvers. 

OBJECTIONABLE FEATURES 

The major objection, it made the airplane unsatisfactory, was the tendency to overcontrol the 
airplane in g during abrupt manuevers. I had to be careful anytime I wanted to do anything abruptly, 
I would find myself sitting there with a lot more g than I anticipated. 

PRIMARY REASON FOR PILOT RATING 

I thought the airplane was acceptable.  It seemed to be a good tracking airplane; however. I 
found the tendency to overcontrol in g certainly moderately objectionable.  I found myself using more 
pilot compensation in keeping the g where I wanted it than I would have liked. I thi.ii you need to 
be able to maneuver the airplane to its full capability without feeling that you are <oing to over- 
stress it.  I didn't feel as if there was any tendency to overcontrol.  I didn't think that any more 
effort was required in turbulence. There was, however, a deterioration in my task performance, which 
was certainly minor. 

CONFIGURATION 6B 
EVALUATION FLT 13 

WITH TGT PILOT B PR 7 PIOR 4 TR F 

ABILITY TO TRIM 

Ability to trim, no problem. 

STICK FORCES 

Stick forces were too high at the higher g loads. 

PREDICTABILITY OF RESPONSE 

In the target acquisition phase, I would put the g on and I didn't have too good an idea where 
the g was going to stop. I had to use a little caution not to over g, but the stick forces were high 
enough that I would get some kind of cue that something was happening. Up to 3 g's the forces were 
getting pretty high and if I had to extrapolate that up to 7 g's it would be very high stick forces, 
if they were linear. 
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CONFIGURATION 6B 
EVALUATION FLT 13 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during tracking was difficult because I couldn't make the pipper stop 
where I wanted. If I used a strong motion with the stick either forward or aft I would get a hobbling 
with pipper, almost a PIG'ing. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control; high stick forces during the acquisition with no real knowledge 
from your stick to attitude gearing of what the pilot was going to see or when the nose was going to 
stop by just the stick feel. Control in turns c'uring the tracking portion was difficult; as I said, 
the pipper bobbxed 

EFFECTS OF RANDOM DISTURBANCE INPI S 

I would put turbulence o;i the tracking maneuvers, and it was impossible to track. The darn 
turbulence would feed into the s/stem and the pipper would just go all over the sky. I would chase it 
trying to get it any where near the target, and the best I could do was just spray bullets all over 
the sky. 

GOOD FEATURES 

It wasn't the worst airplane in the world for tracking; I guess that is the best I can say. 

OBJECTIONABLE FEATURES 

I couldn't guarantee or predict the g load during the acquisition phase, and that might have 
resulted in overstressing if I went to higher g load. I couldn't make the pipper stay still on the 
target and there was definitely something in the system inducing this. It wasn't all pilot. I found 
myself pressing my arm down firmly on my leg so that I could hold the stick forces to keep from over 
g'ing. 

PRIMARY REASON' FOR PILOT RATING 

I would say it was not satisfactory without improvement. There were very objectionable but 
tolerable deficiencies during acquisition and it required extensive pilot compensation to get the air- 
plane to move where I wanted without over stressing it. Tracking capability was a major deficiency; 
I could not track. Adequate performance was not attainable with maximum pilot compensation. It 
certainly was controllable. I don't think I could obtain the tracking performance I wanted. In tur- 
bulence, it was still controllable, of course, but it was impossible to track with it longitudinally. 
It required "best efforts" with major deterioration of task performance. When I was trimmed in the 
g load during the abrupt tracking maneuvers I had to reduce my gain for tight control. 

CONFIGURATION 6B 
EVALUATION FLT 2 

WITHOUT TGT PILOT A   PR 3 PIOR 1 TR D 

ABILITY TO TRIM 

Ability to trim was good. 

STICK FORCES 

Stick forces were good and stick motions were quite compatible. No real second thoughts on 
what I might like for the stick forces and stick motions. It was quite a maneuverable airplane. I 
could pull lots of g with a very slight feeling that it was digging in a little, but it was just kind 
of a sensation rather than something I could see. 

PREDICTABILITY OF RESPONSE 

The predictability of the airplane response to pilot inputs was pretty good initially. There 
just seemed to be a very tiny lag but then I was able to move and stop the airplane right where t 
wanted, and I thought I had reasonable good control of it. 
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CONFIGURATION 6B 
EVALUATION FLT 8 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

During the tracking task, my attitude control and tracking capability seemed to be good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was fair in that there was a slight tendency to overcontrol, but 
not to the extent that I had to consciously do anything about it. It was just that the airplane seemed 
to come on a little quicker than what I had bargained for, but not bad. Steep turns for holding g and 
making continual maneuvers was quite comfortable, quite good. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random noise bothered me quite a bit and we went back and looked at that again. When in a 
steady turn and holding g, like 2 incremental or 2-1/2, the random disturbance was quite noticeable 
and made the airplane feel a little bit ratchety. In other words, it would kind of move along and 
then seemed to stop. So I think the random disturbance would affect tracking capability. 

INSTRUMENT FLIGHT PROBLEMS 

I didn't see any problems flying IFR that I hadn't seen VFR. 

GOOD FEATURES 

It was a maneuverable airplane, and I thought a reasonably good tracking airplane. 

OBJECTIONABLE FEATURES 

I had no major objections, but a couple of minor ones: A tendency for the airplane to give 
me the sensation that I was getting more g than I wanted during large maneuvers; more of a feeling 
than anything else. Secondly, I thought the turbulence response was objectionable. 

PRIMARY REASON FOR PILOT RATING 

I thought the airplane was acceptable: it was satisfactory. The turbulence response made me 
downgrade it a little bit. It was responsive to turbulence; more effort was required. I thought 
there was a moderate deterioration in performance. 

CONFIGURATION 6B 
EVALUATION FLT 11 

WITHOUT TGT PILOT B PR 6 PIOR 3 TR F 

ABILITY TO TRIM 

Any slight stick motion created a lot of hobbling in longitudinal g and therefore trimming 
was difficult because if I put a piece of trim in there, either the trim would cause a bobble in g or 
just moving the trim button would bobble the stick. 

STICK FORCES 

Stick forces seemed to be okay; I didn't have any complaints about that. There was very 
little stick motion or force away from trim to get a sizable increase in g. 

PREDICTABLILITY OF RESPONSE 

Response very difficult to predict. For normal pilot stick motions, it was difficult to 
predict the response I was going to get from the stick in terms of g load. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

When I got to a desired attitude or g load, it was difficult to hold. So, I say pitch atti- 
tude control was difficult. 
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CONFIGURATION 6B 
EVALUATION FLT 11 (Cont.) 

NORMAL ACCELERATION CONTROL 

Nornal acceleration control was difficult and was not precise. I couldn't hold a constant g 
load either IFR or VFR. I could bobble sometimes as much as half a g. In steep turns, it was diffi- 
cult to track. Once I had stick forces established and was near the attitude I wanted, it seemed 
very difficult to hold it. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

With random noise it was even worse. A slight gust upset would trigger either my arm or the 
stick, creating another input to the control system, and I would get a g bobble. So it would be hard 
to track. 

INSTRUMENT FLIGHT PROBLEMS 

With the attitude indicater in the cockpit, which was relatively insensitive to small per- 
turbations, you would have a difficult time flying IFR. I switched hands to scratch my nose and put 
my left hand on the stick. As a result, I hobbled the g load plus or minus a g and I felt the pickup 
at zero g's because I just couldn't keep control of the airplane like that. 

GOOD FEATURES 

I didn't see any good features to speak of. 

OBJECTIONABLE FEATURES 

The objectionable features were that I would not complete a tracking task; I could not main- 
tain accurate pipper on the target with the control system as it was. I felt I would have a difficult 
time learning this system; especially, for example, when I changed hands and the g went plus or minus 
an extra g that I didn't anticipate. 

PRIMARY REASON FOR PILOT RATING 

It had very objectionable, but tolerable, deficiencies. I think you could track with it. 
You might get a degradation in tracking, but it required extensive pilot compensation. I had to pay 
attention to it. Turbulence required "best efforts"; deterioration of the task was major. Undesir- 
able motions were easily induced when I initiated abrupt maneuvers or when I tried to stop a maneuver 
expecially under IFR conditions when trying to make small inputs to change attitude. 

CONFIGURATION 6C   WITH TGT   PILOT A   PR 8   PIOR 3   TR C 
EVALUATION FLT 6 

ABILITY TO TRIM 

Ability to trim was very poor; it was difficult to trim. As a matter of fact, I wasn't really 
sure whether or not it was unstable, but it wasn't. It didn't seem to be too far from it. 

STICK FORCES 

Stick forces were satisfactory but very nonlinear. There was a real strong tendency for the 
forces to lighten up as speed decreased. It wasn't unusual, when considerably off from the trim speed, 
to find myself having to push forward on the stick to keep the airplane from digging in. It was very 
uncomfortable. Stick motion was satisfactory and wasn't really noticeable. There wasn't any reason 
to reselect the gear ratio. The forces were okay; the problem was just the nonlinearity, probably 
due to the airplane itself. 

PREDICTABILITY OF RESPONSE 

Predictability of the airplane response to pilot inputs was very poor. The airplane seemed 
to start out okay for the initial response, but the final response almost invariably overshot what I 
had expected or wanted to get with g. 
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CONFIGURATION 6C 
EVALUATION FLT 6 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during ACH was poor. The airplane seemed to have a lag from my input 
and then I was continually overcontrolling it. I wasn't really getting a PIO. The only time I got 
into something like that was when I tried to maneuver abruptly. The tracking capability itself during 
the ACM was very poor, but not a PIO. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was really the deteriorating factor. Trying to pull off a target, 
pull up and turn back in, I invariably overcontrolled the airplane quite dramatically. Longitudinal 
control in turns was okay once I had the airplane settled down. However, initially establishing a 
given g value for a particular turn rate was very poor and quite unsatisfactory. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

The turbulence had quite an effect on the airplane. I got quite large disturbances of the 
pipper from the target with this random disturbance, although the airplane didn't respond rapidly to 
the turbulence. 

GOOD FEATURES 

There were no particular good features about the airplane. 

OWECTIONABLE FEATURES 

,        Primarily, the quite large tendency to overcontrol in normal acceleration was really what 
\ destroyed this airplane. I really had to be careful when maneuvering abruptly so that I didn't over 
vg the airplane. 

PRIMARY REASON FOR PILOT RATING 

I think the airplane did not provide adequate performance, and that you have to worry about 
control. I think considerable pilot compensation, at least as far as the task is concerned, was 
required to keep from overcontrolling the airplane in g. I got undesirable motions, but I didn't 
really get into a pilot-induced oscillation.  I had trouble getting the airplane back on target once 
I was off, and from that standpoint, turbulence really required more effort, but no more than a minor 
deterioration in an already poor performance without the turbulence. 

CONFIGURATION 6C 
EVALUATION FLT 7 

WITH TGT   PILOT A   PR 7.5 PIOR 2 TR C 

ABILITY TO TRIM 

My ability to trim was fair. 

STICK FORCES 

Stick forces were satisfactory for tracking and for general maneuvering but when I maneuvered 
the airplane abruptly, it really took off and I found Myself really having to push the stick forward 
to keep the airplane from over g-ing. I didn't like the tendency at all, but the stick forces had a 
real tendency to lighten as I maneuvered the airplane. The stick motion was satisfactory, barely 
noticeable, and for that reason I liked it. As far as reselecting a gear ratio is concerned, I didn't 
think that changing the gear ratio was going to help because it did have good tracking capability, but 
I did over g during maneuvering. 

PREDICTABILITY OF RESPONSE 

The initial response was a little slow coming on and then it would really take off. 
lem other than just gross maneuvering; the tracking wasn't bad at all. 

No prob- 
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CONFIGURATION 6C 
EVALUATION FIT 7 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during tracking was not really as precise as I would have liked, but 
it wasn't bad. It was between fair and good. I could keep the pipper on the target quite well, with 
no tendency to set up an oscillation or to drift, so tracking capability was fair to good, leaning 
toward the good*. 

NORMAL ACCELERATION COWROL 

The thing that was most detrimental was the normal acceleration control. There was a real tend- 
ency for the airplane to over g when performing gross type, higher g maneuvers. I had to keep checking 
forward with the stick to keep from getting too much g. Longitudinal control in turns was good once 
it was established, but establishing the g value, when shooting for a very large increment, was quite 
poor. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence had quite an effect on the airplane. It moved the nose away from the target quite 
a bit and I wasn't real swift at getting it back on. 

GOOD FEATURES 

I would have to say the tracking capability was a good feature. Not outstanding, but good. 

OBJECTIONABLE FEATURES 

The objectionable feature that I think destroyed the usefulness of this airplane for the 
fighter task was the quite significant tendency to over g the airplane. I really had to watch the g 
when doing anything abruptly, and I had to check forward to stop from overcontrolling. 

PRIMARY REASON FOR PILOT RATING 

The airplane was not acceptable for the mission. Adequate performance was not attainable 
primarily and solely because of the tendency to over g the airplane. I thought controllability was in 
question because I did have to stop whatever I was doing and worry about overcontrolling the airplane. 
There was no tendency to PIO the airplane, but I did get an undesirable motion which was the tendency 
to overcontrol. Turbulence was not a real dramatic effect, but it certainly required more effort and 
caused at least a minor deterioration in performance. 

CONFIGURATION 6C   WITHOUT TGT   PILOT A   PR 6   PIOR 2   TR C 
EVALUATION FLT 30 

ABILITY TO TRIM 

Ability to trim was poor; the airplane didn't want to hold its trim position very well. 

STICK FORCES 

Stick forces were a little heavier than I would have liked, but it was pretty obvious why 
they were that way. The airplane had a significant tendency to dig in and it was really quite uncom- 
fortable because the airplane seemed to be slow responding initially, then it really wanted to take 
off in g after that. I didn't inadvertently overcontrol, but I had to be conscious of it, and check 
forward quite a bit to keep it from exceeding the desired g. Stick motions were okay. 

PREDICTABILITY OF RESPONSE 

The initial airplane response was relatively slow. Final response was a little bit unpre- 
dictable because of the tendency to dig in or overcontrol. 
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CONFIGURATION 6C 
EVALUATION FLT 30 (Cont.) 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control and tracking capability really weren't too bad. There was a slight 
tendency to overshoot once, but then I could settle right back on the target. I did notice, however, 
on the discrete tracking task, that I was quite reluctant to Bake the whole change in attitude very 
rapidly, if there was a large change of attitude coMiand, for fear of overcontrolling the airplane. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was anothor thing that hurt the airplane. I didn't have very good 
final control over the steady g value that I would achieve for an input. Once I would get the g on the 
airplane, though, I could control it reasonable well. Initiating a steep turn was more difficult than 
holding it, once established. 

EFFECTS OF RANDOM UISTURDANCE INPUTS 

Random disturbance didn't seem to have a major effect on the airplane. A little more effort 
required; I'd say a minor deterioration in performance. 

INSTRUMENT FLIGHT PROBLEMS 

There was quite a reluctance on my part to make large inputs for the step-like tracking task 
because of the tendency to over g the airplane. Random tracking was not really all that good either 
because of slow initial response. 

GOOD FEATURES 

I could fly the airplane, and track fairly well. 

OBJECTIONABLE FEATURES 

I didn't like the heavy forces or the quite strong tendency for the airplane to feel as if I 
was going to over g it. I didn't like the slow Initial response; I really had to watch the g. When I 
made an input it took quite a large one to get the airplane to move, and when it took off it really wanted 
to go. Then I would have to check forward to stop it. 

PRIMARY REASON FOR PILOT RATING 

It was acceptable, but I found it very objectionable. 

CONFIGURATION 60   WITH TGT   PILOT A   PR 8   PIOR 4   TR F 
EVALUATION FLT 4 

ABILITY TO TRIM 

Ability to trim was very poor; it was completely unsatisfactory. 

STICK FORCES 

Stick forces were satisfactory, but I couldn't do much with the airplane at all. Anytime I 
tried to maneuver the airplane, grossly or tightly, I overcontrolled, particularly when tracking the 
other airplane. There was a quite strong tendency toward pilot-induced oscillations. Stick motion 
was noticeable because I ended up pumping the stick considerably but I didn't think I would like to 
select a different gear ratio. 

PREDICTABILITY OP RESPONSE 

The airplane response to a pilot input was not at all predictable, and the airplane had a real 
tendency to take off in the response. The response was slow getting started and then seemed to take off 
with a quite strong tendency for me to over g the airplane. 

PITCH ATTITUDE COWTROL/TRACKING CAPABILITY 

In air combat maneuvering, tracking was nearly impossible. I don't think you would ever hit 
the target unless it was just pure luck. 
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CONFIGURATION 6D 
EVALUATION FIT 4 (Cont.) 

NORMAL ACCELERATION CONTROL 

Nonal acceleration control was very poor. Any capability to pull and hold a given g did not 
exist. I was reluctant to do anything abruptly for fear I would over g the airplane. In the air 
coabat Maneuvering, longitudinal control was completely unacceptable. I just couldn't track with the 
airplane. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

The turbulence response was really dramatic as well. It disturbed the airplane considerably, 
and when I tried to correct for the turbulence input, I invariably overcontrolled. So turbulence had 
a very degrading effect on the airplane. 

GOOD FEATURES 

There were no really good features about the airplane. It was certainly in the controllable 
category so that I could stop things; it wasn't something I couldn't control. 

OBJECTIONABLE FEATURES 

The real strong te.idency to over g the airplane was objectionable. Also objectionable was the 
inability to perform any kind of tracking maneuver without setting up a pilot-induced oscillation. 
I had to-fly it with a real low gain, otherwise 1 would get an undamped or zero-damped, pilot-induced 
oscillation, 

PRIMARY REASON FOR PILOT RATING 

I thought the airplane was certainly not adequate for the mission. I thought controllability 
was getting to be a problem because I spent a lot of time just thinking about it and having to back off 
on doing the mission in order to keep the airplane from over g'ing. Considerable pilot compensation 
was required to keep the airplane from "getting away" in the context of the mission. If I just wished 
to fly straight and level there was no problem. In trying to maneuver, though, it was not very good. 
I didn't think the PIO was in the divergent category but I certainly picked up oscillations whenever I 
attempted an abrupt maneuver or tight control. I had to really abandon the task. The airplane in 
turbulence required my best efforts. I thought turbulence detracted even more from an already poor 
airplane. 

CONi-IGURATION 6D 
EVALUATION FLT 29 

WITHOUT TGT   PILOT A PR 9   PIOR 5 TR D 

ABILITY TO TRIM 

Ability to trim was relatively poor. In general, it did not hold its trim very well; the trim 
point wasn't very well defined. 

STICK FORCES 

Stick forces were a little too light. I wou^d start to maneuver and the airplane really wanted 
to take off in g so I really had to watch that I didn't overcontrol. I think that was more a function 
of the airplane titan of the stick force per g itself, because there was a tendency for the forces 
to lighten after I made the initial input. Stick motions were okay, but they were quite noticeable 
because I did end up pumping the stick quite a bit. 

PREDICTABILITY OF RESPONSE 

The initial response was a bit sluggish and then it really wanted to take off in the final, 
so the final response was not very predictable. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

There was no way I was going to track with this airplane. Pitch attitude control resulted in 
a quite noticeable, nearly divergent pilot-induced oscillation. 
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CONFIGURATION 6D 
EVALUATION FLT 29 (Cont.) 

JORMAL ACCELERATION CONTROL 

Normal acceleration control was very poor. I really had to watch that I didn't over g the 
airplane. Control in steep turns was likewise poor. Once I had it established, I could hold the g 
pretty well but .when I trjed to make small corrections. I tended to get into an oscillation. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random noise was quite noticeable, not so much that it moved the airplane; but when I tried to 
counter the disturbance motions, I got myself into oscillations that were approaching divergent. 

INSTRUMENT FLIGHT PROBLEMS 

On both the IFR tracking tasks, there were similar problems, a tendency to over control and 
set up pi lot-induced oscillations. There didn't, however, seem to be as much of a tendency for the 
oscillations to go divergent under the IFR situation as it did when I went VFR. 

GOOD FEATURES 

I didn't see any good features. 

OBJECTIONABLE FEATURES 

The prinary objection was the inability to control the normal acceleration, a tendency to feel 
as if I were goin^ to over g the airplane. Another major objection was the tendency toward divergent 
pilot-induced osciHations when tracking. These features made the airplane totally unacceptable. If 
you watch what you are doing with any degree of capability, you won't lose control of the airplane but 
really there was a controllability problem. 

CONFIGURATION 7C 
EVALUATION FLT 3 

WITH TGT PILOT A PR 2.5 PIOR 1 TR B 

ABILITY TO TRIM 

Ability to trim was quite good. 

STICK FORCES 

When I initially took the airplane, before tracking the target, I really thought the stick 
forces were going to be> too light, but it turned out that I enjoyed then very much. I thought they were 
quite satisfactory. The stick motions were okay. There was a bit of tendency for the airplane to be 
sensitive about the trim point, but not bad. It was a lot better in close to the target than I thought 
it was going to be. So I didn't see any reason to try to reselect the elevator gearing. 

PREDICTABILITY OF RESPONSE 

The airplane response predictability was quite good. I could Dull and hold g quite well and 
I could track pretty well. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

There was ever so slight a tendency for the pitch attitude control to be overly sensitive. 
Tracking capability was good, but with a similar problem; just a bit of a tendency to be a little too 
sensitive, but I enjoyed the lignt forces for the tracking. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was excellent. Longitudinal control in turns during ACM was good. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances didn't seem to have very much effect on the airplane. 
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CONFIGURATION 7C 
EVALUATION FIT 3 (Cont.) 

GOOD FEATURES 

I liked the good solid feeling of the airplane and I liked the ability to pull g as well as I 
could without any tendency to bobble or over control. 

OBJECTIONABLE FEATURES 

The only objectionable feature I noticed was a very minor one. There was a slight tendency 
to be a bit too sensitive about the trim position. 

PRIMARY REASON FOR PILOT RATING 

I thought the airplane was quite satisfactory without improvement. The only real deficiency 
was that bit of over-sensitivity about trim. There was no tendency to induce undesirable motions of 
any consequence. In turbulence there was no significant deterioration, but a little more effort was 
required due to turbulence. 

CONFIGURATION 7F   WITH TGT   PILOT A   PR 7   PIOR 4   TR D 
EVALUATION FLT 5 

ABILITY TO TRIM 

I thought the ability to trim was good; no problems there. 

STICK FORCES 

Stick forces were certainly quite satisfactory; they were nice and light, as I like them. 
Stick motion was satisfactory but it was noticeable that I was pumping the stick when in those PIO's. 
In other words, it wasn't something that the airplane was doing, it was something that I seemed to be 
forcing the airplane to do. I didn't, however, see any reason to reselect the gear ratio. 

PREDICTABILITY TO RESPONSE 

When I was just maneuvering around the sky pulling g and so forth, I thought the predict- 
ability of the response was pretty good. The g onset was comfortable and I could stop the airplane 
at a given acquired g quite well. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

When I got into the air combat maneuvering, however, the pitch attitude control was noticeably 
oscillatory. Sometimes I would get both a lateral-directional and a longitudinal oscillation and the 
target tended to go around in a circle on the pipper so that the attitude control in the air combat 
maneuvering was poor. Consequently, the tracking capability was poor, with a tendency toward pilot- 
induced oscillations. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control for gross maneuvering was good and I was pleased with it. 
Longitudinal control in turns was good until I started tracking. In tracking, it was very poor. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence was especially noticeable and I'm not sure whether it was just the turbulence 
effect or my tendency to couple with the turbulence inputs. But in general, the pitch oscillations were 
quite a bit worse in the presence of the random disturbances. 

GOOD FEATURES 

The gross maneuvering capabilities of the airplane I thought were quite good. 
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CONFIGURATION 7F 
EVALUATION FLT 5 (Cont.) 

OBJECTIONABLE FEATURES 

Objectionable was the quite strong tendency toward a pilot-induced oscillation in tracking. 
I could stop the oscillation simply by releasing the stick a bit and letting the airplane damp itself 
out; it did damp quite well. 

PRIMARY REASON FOR PILOT RATING 

I didn't think the airplane, as it was, would provide adequate performance even with the 
tolerable workload. Certainly the controllability was not in question. It was just the fact that 
every time I got in close and tried to track the target, I would get into a pilot-induced oscillation. 
There was no tendency to get a divergent oscillation but I did pick up an oscillation whenever I tried 
to track tightly.  I could reduce my gain and it would go away, however. I thought the turbulence 
had quite an effect on the pi lot-airplane combination. More effort was required with at least a 
moderate deterioration in task performance. 

CONFIGURATION 7F 
EVALUATION FLT 14 

WITH TGT  PILOT B PR 5 PIOR 3 TR G 

ABILITY TO niM 

It was easy to trim. 

STICK FORCES 

Stick forces were very comfortable; more than likely too light at the higher g loads. 
Stick force per g was probably very light but it was comfortable from the pilot's standpoint. 

PREDICTABILITY OF RESPONSE 

For the target acquisition phase, I could predict where the airplane was going except that 
I wasn't getting any cues to stop putting the g load on it. In general it did not have the feel ov" 
a bad airplane except that everytime I tried to acquire, I would over g the airplane. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control was good and tight without any turbulence. When I pulled the stick 
back, the nose followed the stick and it was doing just what I wanted it to do. I just kept pulling 
to keep the nose !oing where I wanted it and I disengaged the variable stability system because of the 
g limits. It is jonceivable that I may have gone beyond the aircraft's limits if it was extrapolating 
ou' to seven g s. But from the standpoint of acquisition it sure felt nice being able to move the 
nose wi.ere I wanted it to move. It was fairly easy tracking and when I got the pipper near the 
target I could position it pretty precisely where I wanted it. In the presence of random disturbances, 
it was most difficult to track. The pipper walked up and down and I couldn't make sense out of it. 

NORMAL ACCELERATION CONTROL 

For some reason the airplane felt so good I just kept pulling it and I obtained more g than 
I wanted. Maybe, extrapolating that out, I would over-stress the airplane. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

The turbulence and disturbance produced a bobbling that was quite a bother in tracking. 

GOOD FEATURES 

I think you could learn this airplane and I think it has a possibility for a good tracker. 
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CONFIGURATION 7F 
EVALUATION FLT 14 (Cont.) 

OBJECTIONABLE FEATURES 

Hu-fisted pilots can't keep from over g'ing it. I guess I should have learned a technique 
but I didn't. *Is it satisfactory without improvenentT No. It took considerable pilot compensation 
to keep from over g'ing the airplane. There was increased effort with turbulence, best efforts required. 
I don't believe I could perform very accurately with this in turbulence. I couldn't keep the pipper 
going with the target long enough to get a bullet off. Undesirable motions were easily induced, the 
over "g" tendency. I could prevent over g'ing the airplane, but I had to sacrifice the task which was 
bringing the nose around and sticking it on the target. 

CONFIGURATION 8A   WITH TGT   PILOT A   PR 6   PIOR 3   TR D 
EVALUATION FLT 3 

ABILITY TO TRIM 

The ability to trim was pretty good except that it was such a sensitive airplane »hat every 
time I would set the trim button I would get a pitch oscillation or bobble.  It was not really an 
oscillation because it seemed to be very well damped and didn't persist. The nose did bobble, but 
the ability to trim the airplane and have it stay where I wanted it was pretty good. 

STICK FORCES 

Stick forces were quite satisfactory for maneuvering; probably too light for tracking because 
that was my biggest problem. As I tracked, I bobbled the nose of the airplane almost continuously any- 
time I made a small input. Stick motion was quite small, barely noticeable. I didn't see any reason 
to reselect the gearing. I liked the maneuvering capability of the airplane although I thought «-he 
tracking portion was quite poor. 

PREDICTABILITY OF RESPONSE. 

If I was just doing gross maneuvering the predictability was really pretty good. I could pull 
up, stop on a desired g, and hold the g without any problem. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

When I tried to do tight tracking, and it was really noticeable with the target airplane, I 
bobbled the nose almost continuously. These were not really very big bobbles, mostly just a nuisance. 
In fact, when I looked at the pipper, it didn't really change much more than the size of the target 
airplane out there, but it was quite distracting and certainly reduced my tracking capability. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was quite good. I could pull to the desired g,  and hold it. If 
I was doing steady maneuvering there was absolutely no problem maintaining the g. Longitudinal control 
in turns was quite excellent except when trying to do tight tracking. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence made the airplane considerably worse than it was. When I tried to counter the 
little turbulence inputs, I bobbled the airplane considerably more than I did without the turbulence, 
so it did detract quite a bit. 

GOOD FEATURES 

The good features about the airplane were that I could pull lots of g; I could perform gross 
maneuvers with the airplane easily. The big objection, however, was the tendency of the airplane to 
set up a pitch oscillation, or bobble, anytime I tried to do a very small input with the stick. It 
particularly showed up in the tracking. I really couldn't figure out any way to stop the bobble, i just 
had to discipline myself to make nice smooth inputs, if I could, in the tracking. That's quite havd 
to do when the pipper is drifting off a little bit and you try to get it right back on the target. 
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CONFIGURATION 8A 
EVALUATION FLT 3 (Cont.) 

OBJECTIONABLE FEATURES 

It wasn't easy, but I think you could do the job with this airplane. I think that the 
deficiencies were quite objectionable, but I think they could be tolerated. I wouldn't get all the 
bullets in the target but I think I would get some of them there. It really needs extensive improve- 
ment. I think anytime that you try to do anything precisely you will induce some undesirable motions. 
You really can't prevent them without some sacrifice of the tracking. Turbulence was quite a bit 
worse, more effort was required and it deteriorated my performance. 

CONFIGURATION 88   WITH TGT   PILOT A   PR 7   PIOR 4   TR D 
EVALUATION FLT 7 

ABILITY TO TRIM 

The ability to trim was really quite good. I could put the airplane in almost any attitude 
I wanted and it tended to stay right there. 

STICK FORCES 

Stick forces were satisfactory; it was quite a comfortable airplane to maneuver. Stick motion 
was barely noticeable; I thought that was good. I really saw no reason to reselect the gear ratio. 

PREDICTABILITY OF RESPONSE 

The response predictability was really good, for maneuvering, and I didn't have any problem 
with it until I attempted to track. Then it was one continuous medium- to high-frequency, low- 
amplitude, pilot-induced oscillation. So, the predictability of the response for gross maneuvering 
was quite good; I could pull g right up to the limits I wanted without over g-ing the airplane. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

During the air combat maneuvering, the gross maneuvering was good. I could rap the airplane 
around and I flew it aggressively. But, when I attempted tracking, things went really bad. There was 
a tendency to just sit there and oscillate at this low amplitude and high frequency. I'm not sure 
that you would really hit anything, spray a lot of bullets around the sky but you wouldn't be very good 
at getting them to go where you wanted them. So the tracking capability was unacceptable, very poor. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was quite good. During the turns, just holding turns, and just 
holding g if I wasn't tracking was really very good. Tracking, however, was very poor. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence seemed to have quite an effect on the airplane. It moved the nose around quite a 
bit and I found that I tended to accentuate the tendency to oscillate. 

GOOD FEATURES. 

The g capability of this airplane, the ability to perform gross maneuvers was excellent. 

OBJECTIONABLE FEATURES 

The inability to track with the airplane was objectionable. When I tried to track, I got an 
almost continuous oscillation. If I didn't move the stick It was great and it didn't oscillate, but 
as soon as I tried to make any kind of small correction, the nose would oscillate, so it was obviously 
unacceptable. No way could I get smooth tracking. 

PRIMARY REASON FOR PILOT RATING 

I'd say that it was not adequate for the mission. I don't think you would lose control of it, 
because all you would have to do is back off on the gain a little and the airplane would damp itself 
out quite well. There was a real strong tendency for pilot-induced oscillations; however, they were 
not divergent. They were, however, almost zero-damped constant amplitude. Turbulence had a moderate 
effect on what I was trying to do; more effort was required. 
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CONFIGURATION 8B 
EVALUATION FLT 28 

WITHOin1 TGT PILOT A PR 3 PIOR 1 TR B 

ABILITY TO TRIM 

The ability to trim was really quite good. 

STICK FORCES 

I thought the stick forces were nice; they were light. No second thoughts on the gearing. 
Stick motion was barely noticeable; I thought that was good also. 

PREDICTABILITY OF RESPONSE 

The initial response was a bit abrupt. The final response was predictable but there was a 
tendency to overshoot the desired pitch attitude slightly. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control and tracking capability were fair to good. I would overshoot just a 
little, but the airplane was well damped and I could move it back and forth and put the pipper pretty 
much where I wanted it. So, I guess I would have to say that the pitch attitude control and tracking 
capability were really both pretty good. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was excellent; a very maneuverable airplane. I could change g 
quite easily and predict exactly what I was going to get. The same thing applies to steep turns; the 
longitudinal control I thought was pretty good. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances had only a minor effect on A high-frequency input; a little more effort 
was required, but really not much of a deterrent. I would say no significant deterioration on my per- 
formance . 

INSTRUMENT FLIGHT PROBLEMS 

Tracking the heads down displays (IFR) was not much of a problem. I could get the attitude 
from one point to another rapidly, but I did, as I've mentioned earlier, get a minor overshoot. The 
airplane was well-damped, though, and pretty much stopped where I wanted. So, I really didn't see 
anything on the IFR tracking that I hadn't seen VFR. 

GOOD FEATURES 

It was a very maneuverable airplane with good g control. Tracking was good. 

OBJECTIONABLE FEATURES 

There was a tendency for the initial response to be a little abrupt and I would overshoot the 
target when putting in an abrupt input. 

PRIMARY REASON FOR PILOT RATING 

The airplane was satisfactory; however, I didn't particularly like the abruptness and it tended 
to overshoot. 
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CONFIGURATION 80   WITH TGT   PILOT A   PR 2   PIOR 1   TR C 
EVALUATION FLT 5 

ABILITY TO TRIM 

Ability to trim was good. 

STICK FORCES 

Stick forces were quite light; satisfactory. Stick motion was barely noticeable. I thought 
it was good and I didn't see any need to try to reselect the gear ratio. 

PREDICTABILITY OF RESPONSE 

Predictability of the airplane response to pilot Inputs was quite good, both initial and final. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

I had good maneuvering and tracking capability. T could keep the airplane headed where I 
wanted most of the time. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was good. During turns there was no problem with the longitudinal 
i'ntrol. I thought that was quite good. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence had a little effect, but not an awful lot; anyway it was a good airplane. 

GOOD FEATURES 

I liked the tracking capability and the lack of any PIO or disturbance during the tracking. 

OBJECTIONABLE FEATURES 

There were no really objectionable features. 

PRIMARY REASON FOR PILOT RATING 

It was a good airplane for the task. Turbulence moved the nose a little more than I would 
have liked. It was quite sensitive to turbulence, but nothing more than a minor deterioration in 
task performance. 

CONFIGURATION 8D   WITH TGT   PILOT B   PR 2   PIOR 1 
EVALUATION FLT 14 

STICK FORCES 

Stick forces felt good and stick position felt really good during the acquisition phase. 

PREDICTABILITY OF RESPONSE 

I could predict where the nose was going. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

In tracking it was pretty predictable and the nose attitude seemed to be tied pretty tightly 
to the stick. Random noise during tracking caused the pipper to wander, but I felt that I could keep 
the pipper pretty close to where I wanted with the random noise. What little time I had the pipper on 
the target during ACM, it was good. 
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CONFIGURATION 80 
EVALUATION FLT 14 (Cont.) 

NORMAL ACCELERATION CONTROL 

It didn't tend to over g. I could pull up and the nose would do just what I thought it should 
be doing and it didn't seen to over g. Acquiring the target felt good. I had no problems with longitudinal 
control during turns or during ACM. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Effects of turbulence were minor on tracking and insignificant during acquisition. 

GOOD FEATURES 

It was a good feeling airplane. It seemed to do what I wanted it to do at my command. I 
could pull back on the stick to start a climb, and the nose moved at the rate I was looking for; it 
felt good. 

OBJECTIONABLE FEATURES 

I didn't see any objectionable features. 

PRIMARY REASON FOR PILOT RATING 

It was satisfactory without improvement. Pilot compensation was not a factor for desirable 
performance in the acquisition phase. I wish I had had a little more time in the tracking phase to 
verify it, but the airplane looked awfully good in tracking. There was an increase of pilot effort 
with turbulence; in tracking, more effort was required but it was minor. There was no tendency for the 
pilot to induce any undesirable motions. 

CONFIGURATION 12   WITH TGT   PILOT A   PR 2   PIOR 1   TR B 
EVALUATION FLT 22 

ABILITY TO TRIM 

The trim was quite good. 

STICK FORCES 

Stick forces were satisfactory, at least at the levels I like. Stick motion was satisfactory, 
very small and barely noticeable. I saw no reason to reselect the gear ratio. 

PREDICTABILITY OF RESPONSE 

The airplane response was very predictable; I thought both the initial and final response was 
quite good. The initial response was a little sensitive, but certainly satisfactory. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the ACM was good. Tracking was good. I felt I had smooth 
tracking capability with the airplane and would have put a lot of bullets in the target. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was especially good. I liked the g capability and felt that I 
had real fine g control. Longitudinal control in turns was good. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence seemed to have only a minor effect on the airplane. A little more effort was 
required to keep the nose pointed where I wanted, but nothing severe. 
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CONFIGURATION 12 
EVALUATION FLT 22 (Cont.) 

GOOD FEATURES 

I liked the tracking capability of the airplane and the general feel in flying; the airplane 
was quite good. 

OBJECTIONABLE FEATURES 

There was a tendency to be a little sensitive in the initial attitude response. 

PRIMARY REASON FOR PILOT RATING 

I thought it was a good airplane, with negligible deficiences. 

CONFIGURATION 12   WITH TGT   PILOT A   PR 3   PIOR 1.5   TR C 
EVALUATION FLT 24 

ABILITY TO TRIM 

Ability to trim was quite good. 

STICK FORCES 

Stick forces and motion were satisfactory. 

PREDICTABILITY OF RESPONSE 

It was predictable. The only real problem was that the initial response was a little too 
abrupt.  It would be good to have just a little hysteresis or breakout to make it a bit better, but in 
general it was a good maneuvering airplane. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control during the air combat maneuvering was in general quite ?ood, with a 
tendency to get an initial bobble when inputs were made abruptly during the tracking. The tracking 
capability was pretty good. Once established on target, with nice, smooth corrections, I could keep 
it there pretty well. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was great; just a tendency to get that initial bo'ble when I made 
an abrupt input. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence did not have a major effect on the airplane. It caused some deterioration in 
performance, but there was only a little more effort required with a minor deterioration in task 
performance. 

GOOD FEATURES 

I liked the g capability. I thought the tracking capability in general was good. 

OBJECTIONABLE FEATURES 

I objected to the initial sensitivity to the inputs, finding that it caused me to hobble 
every time I did something abruptly. That bothered me a little. 

PRIMARY REASON FOR PILOT RATING 

It was only mildly unpleasant; you could probably live with the bobble. 
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CONFIGURATION 12   WITHOUT TGT 
EVALUATION FLT 29 

PILOT A   PR 7 PIOR 3.5 TR C 

ABILITY TO TRIM 

Ability to trim was fair to good. 

STICK FORCES 

Stick forces were light initially, but okay. No second thoughts on the gearing. Stick motions 
were okay. 

PREDICTABILITY OF RESPONSE 

The airplane response was very abrupt initially, too abrupt to make nice, small, easy changes. 
I would invariably get a quite large response and tend to overshoot the target in both directions. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

It was not a very good tracking airplane. The final response seemed to be well damped, but 
not enough to provide acceptable tracking capability. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was quite good; a very maneuverable airplane. I could pull lots 
of g and could maneuver nicely. Longitudinal control in steep turns was pretty good. I could control 
the g pretty well unless I tried to make an abrupt maneuver, like a tracking maneuver in the turn. 
Then invariably I would get too much g. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances moved the airplane around noticeably. More effort was required with at 
least a minor deterioration in my performance. 

INSTRUMENT FLIGHT PROBLEMS 

IFR, it was like flying an airplane with purely a step response. I couldn't do things very 
smoothly and consequently I would overshoot the command bar most of the time on the random tracking 
task. I was continually maneuvering the airplane much too far with my inputs and I couldn't stay with 
the needle very well. But I had seen this VFR, so I guess this doesn't show anything I hadn't already 
seen. 

GOOD FEATURES 

The aii-plane was quite maneuverable. 

OBJECTIONABLE FEATURES 

There was a real tendency to overshoot the target every time I tried to track. Attempts to 
make small maneuvers invariably produced quite large airplane motions. I never found any way to slow 
down the initial response. It was always abrupt; there was always a tendency to overshoot. 

PRIMARY REASON FOR PILOT RATING 

I didn't get adequate performance in the closed loop tight tracking task. There were undesir- 
able motions resulting from abrupt inputs and I could not completely prevent them, even by sacrificing 
the task. 

CONFIGURATION 13   WITH TGT 
EVALUATION FLT 22 

PILOT A PR 2 PIOR 1 TR B 

STICK FORCES 

Stick forces and motion were satisfactory. 
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CONFIGURATION 13 
EVALUATION FLT 22 (Cont.) 

PREDICTABILITY OF RESPONSE 

The airplane response was quite predictable both in the initial and in the final responses. 
I enjoyed flying it very much. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch attitude control was especially good during the air comb&t maneuvering. Tracking 
capability was good. I had the pipper on the target quite a bit. There was a tendency to bobble the 
nose just a little when I really tightened up on the task, but it was still satisfactory. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was excellent. I had good maneuvering capability and good, fine, 
g control. Longitudinal control in turns was good; no problems at all there. It was especially 
good during air combat maneuvering. The g capability and the tracking capability were good. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence or random disturbances caused only a minor problem; I thought I could contend with 
it reasonably well. It did require a little more effort, but no real deterioration in performance. 

GOOD FEATURES 

I thought the tracking capability and g control were good. 

OBJECTIONABLE FEATURES 

The one objection was a minor one, a tendency to bobble the airplane when flying tightly.  I 
thought it was a little sensitive. 

PRIMARY REASON FOR PILOT RATING 

It was satisfactory and had negligible deficiencies. 

CONFIGURATION 13   WITH TGT   PILOT A   PR 2   PIOR 1   TR B 
EVALUATION FLT 24 

ABILITY TO TRIM 

Trim was excellent. 

STICK FORCES 

Stick forces were really quite good, nice and light. Stick motion was barely noticeable; 
therefore, I thought it was good. 

PREDICTABILITY OF RESPONSE 

The final re&^unse was quite predictable, I had real fine control of the g. The initial 
response, if anything, was a little abrupt. I felt I would like to have just a little breakout or 
friction to take the edge off, but in general it was a good airplane. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Pitch response was really good. I could tell that I was going to get just what I wanted. 
During the ACM, the attitude control was approaching the excellent category. I really enjoyed flying 
it. I thought the tracking capability was very good. 
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CONFIGURATION 13 
EVALUATION FLT 24 (Cont.) 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was excellent. There was, however, a tendency for the airplane 
to be a little sensitive in the initial response. Longitudinal control in turns during the ACM was 
qui'a good. I thought the tracking and the g control were excellent. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence had only a minor effect on the airplane; a little more effort was required, but 
there was no significant deterioration. 

GOOD FEATURES 

I really liked the g capability and the tracking capability. 

OBJECTIONABLE FEATURES 

There was only one minor objection -- a slight tendency to be abrupt in the initial response. 
It really didn't detract too much; tracking was pretty good. 

PRIMARY REASON FOR PILOT RATING 

I thought it was a good airplane. 

CONFIGURATION 13 
EVALUATION FLT 27 

WITHOin- TGT       PILOT A PR 7 PIOR 4 TR C 

ABILITY TO TRIM 

Ability to trim was in general very good. 

STICK FORCES 

Stick forces were nice and light; they were okay. 
Stick motions were quite small, not noticeable. 

PREDICTABILITY OF RESPONSE 

I had no second thoughts on the gearing. 

The initial response was really rapid and when I tried to stop the airplane on a point, 
invariably I got about a 4-cycle oscillation before I could really get it settled down. But when I 
didn't try to put it right on a point and just pulled it up there and stopped, the airplane was well 
damped. So whatever was happening was something that I was doing. In general, though, the airplane 
response was a little too rapid; it was almost like flying a pure step. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

The pitch attitude control and tracking capability were poor. The airplane just responded 
too rapidly and when I tried to put it right on a point I would get a very low-amplitude, high- 
frequency, pilot-induced oscillation out of it. So, I thought the tracking capability was not 
acceptable for the fighter mission. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control was quite good. I could pull lots of g, and maneuver the airplane 
abruptly and rapidly with no problems. In turns, control of the airplane was good; I had good g 
control. There was no problem there. It was only when I tried to do a tight tracking task and do it 
in a fairly rapid manner that I had a problem. 
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CONFIGURATION 13 
EVALUATION FIT 27 (Cont.) 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances moved the airplane a little bit. It was just a very low frequency motion 
of the airplane that didn't seem to cause very much of a problem. The airplane with the heads down 
display (IFR) was really abrupt and there was a tendency to overshoot the command needle and oscillate 
several times before I could get it settled down. If I went at it a little slower; in other words 
backed off on my gain, I could do a better job. But in general, I wasn't particularly pleased with the 
tracking performance. These were problems that I saw VFR, so I didn't think it showed anything too 
different. 

GOJD FEATURES 

In general, the maneuvering capability was a good feature; g control in general was good. 

OBJECTIONABLE FEATURES 

The objectionable feature was the strong tendency toward a low-amplitude, high-frequency, 
pilot-induced oscillation when attempting to track tightly. I really had to ease into things and not 
do things abruptly; it was just too much. It would really shake me and the airplane. 

PRIMARY REASON FOR PILOT RATING 

I wouldn't buy it for the fighter mission; I thought the tracking was just not adequate. 

CONFIGURATION 14 
EVALUATION FLT 21 

WITH TGT PILOT A PR 8 PIOR 4 TR E 

ABILITY TO TRIM 

The ability to trim wasn't bad except that I did get structure vibrations anytime I tried to 
trim because of the very light forces. 

STICK FORCES 

Stick forces were satisfactory although if I had increased them a bit, I might have been able 
to hold the stick with a little firmer grip. As it was, I was flying the airplane with fingertip 
control. Stick motion was satisfactory, very small. 

PREDICTABILITY OF RESPONSE 

It was a very high frequency airplane and as soon as I made an input the airplane responded 
right away. When I tried to stop the airplane where I wanted, it almost invariably got into a 
pilot-induced oscillation. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

The pitch attitude control during the ACM was very joor. There was an almost continuous 
pilot-induced oscillation of low amplitude and high frequenc> during the whole time. The tracking 
capability was really nil, it was practically impossible to track. 

NORMAL ACCELERATION CONTROL 

I could pull g with the airplane without getting an oscillation. It was only when I tried to 
do something tightly that I had a problem. In the turns, I had the same problem; an almost continuous 
pilot-induced oscillation during the air combat maneuvering. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Turbulence really did move the airplane around. It really did exaggerate the nose excursions 
and the oscillations. 
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CONFIGURATION 14 
EVALUATION FLT 21 (Cont.) 

GOOD FEATURES 

I wouldn't lose control of it, but controlling it in the context of the mission was certainly 
very poor. 

OBJECTIONABLE FEATURES 

It was just impossible to track; it was just one continuous, high-frequency, low-amplitude 
pilot-induced oscillation. I really couldn't stop the oscillations except to back off from what I 
was doing. 

PRIMARY REASON FOR PILOT RATING 

It was certainly an unacceptable airplane. It had major deficiences, primarily the continuous 
oscillations I was in. The oscillations were not divergent, but I couldn't do the mission and maintain 
what I considered to be control of the airplane. Turbulence was really bad. Best efforts were 
required and it made the task much worse. 

CONFIGURATION 14   WITHOUT TGT 
EVALUATION FLT 28 

PILOT A PR 7 PIOR 3 TR D 

ABILITY TO TRIM 

Ability to trim was good. 

STICK FORCES 

The forces were okay; on the heavier side, but still okay. I had no second thoughts on the 
gearing. The stick motions were barely noticeable; they were okay. 

PREDICTABILITY OF RESPONSE 

The initial response was quite abrupt, a little too abrupt, and the final response was a bit 
under damped. That created various problems in the tracking which I will talk about later. 

PITCH ATTITUDE CONTROL/TRACKING CAPABILITY 

Invariably I overshot and oscillated about the target anytime I did anything abruptly, which 
kind of destroyed the tracking capability. When in a steady flight condition with steady g it was okay, 
but when I tried to make a change I got a quite large and abrupt response followed by a 3- or 4-cycle 
oscillation before it settled down. 

NORMAL ACCELERATION CONTROL 

Normal acceleration control in general was good. It was a good airplane for high g maneuver- 
ing and fun to fly from that standpoint. I thought I had good control in steep turns. 

EFFECTS OF RANDOM DISTURBANCE INPUTS 

Random disturbances moved the airplane around considerably. More effort was required with 
at least a moderate deterioration in performance. 

INSTRUMENT FLIGHT PROBLEMS 

The (IFR) tracking task really showed up the tendency to overcontrol the airplane. I could 
really make it move from one spot to the next, but stopping it where I wanted was a bit of a problem. 
I didn't see anything IFR, though, that I hadn't seen VFR. 

GOOD FEATURES 

The general maneuvering capability of the airplane was quite good. 

OBJECTIONABLE FEATURES 

My major objection was one that makes the airplane unacceptable for the tracking mission, the 
tendency to overshoot the g and oscillate about the target anytime I did anything abruptly. 

PRIMARY REASON FOR PILOT RATING 

The tracking was just too poor. 
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Appendix II 

PARAMETER IDENTIFICATION FROM THE FLIGHT TEST DATA FOR VARIOUS CONFIGURATIONS 

IN PHASE II 

The short-period dynamic characteristics of Configurations II-l through 

II-5 were identified from the flight test data at various flight conditions 

as defined in Table IX. An advanced parameter identification technique de- 

veloped by Calspan (Ref. 11 and 12) was used to identify the stability and 

concrol derivatives, ^ ,ZF   »I« . M«. » ^c  » ancl the two constants Zg  and /V 

which account for non-equilibrium initial conditions. The equations for the 

constant speed dynamics and the measurements are described by 

^ ^ Mc. 
(A. II-l) 

'tr. 

^n (A. II-2) 

Prime signifies that the effect of M • derivative is included. 
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In the measurement equation (A. II-2), Jt^. - 14.1 ft; K^-is the 

correction factor of the a vane; and v is the true airspeed. They are 

dependent on the flight conditions as listed below: 

Flight Condition V(ft/sec) K^(deg/deg) 

0 455 1.68 

1 505 1.70 

2 625 1.75 

21 625 1.75 

2a 530 1.82 

2b 560 1.72 

3 685 1.82 

4 420 1.68 

5a 475 1.78 

6 245 1.64 

The measurement noises, ^   and/v^ , as expressed in terms of deg/sec and deg, 

respectively, were assumed to be zero mean with covariance function 

Cov ^(tjl'^Ctj) 
<-j 

(A. II--5) 

The results of parameter identification are shown in Tables X and XII through 

XV, respectively, for Configuration II-l through Configuration II-5. The 

response matchings are shown in the following figures. On these figures, the 

cross (+) represents data, and the solid line represents the computer fit 

to the data. The circle points are residues for oc or jz . 

CONFIGURATION II-l 

RUN NO. FLIGHT NO. FLIGHT CONDITION 

6 14 02 0 

54 1 

23 21 

51 2 

24 1407 2b 

51 3 
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CONF] GURAT ION II-2 

RUN NO. FLIGHT NO 
L FLIGHT CONDITION 

10 1402 0 
57 1 
26 21 

48 
1 2 

20 1407 2a 
27 2b 
^8 3 
57 4 
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CONFIGURATION II-3 

RUN NO. FLIGHT NO. FLIGHT CONDITION 

13 14 32 0 

59 

29 

1 

21 

44 i 2 

11 1407 2a 

30 2b 

45 3 

60 4 

69 i f 5a 
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RUN NO. 

CONFIGURATION I1-4 

FLIGHT NO. FLIGHT CONDITION 

16 1402 0 

61 1 

32 i 21 

41 1407 2 

33 2b 

42 1 3 

67 1402 5a 
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CONFIGURATION II-5 

RUN NO, FLIGHT NO. FLIGHT CONDITION 

19 1402 0 

63 1 

55 21 

^8 2 

OS 5a 

17 2a 

56 i 2b 

39 1407 3 

69 i 6 
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Appendix III 

PILOT COMMENTS FROM PHASE II EXPERIMENT 

This appendix contains pilot comments for each configuration evaluated 

in the Phase II experiment. The comments are arranged in numerical order, 

II-l through 11-5. For the reader's convenience, the configuraions are identi- 

fied in the following list: 

Configuration No. 

II-l 

II-2 

II-3 

II-4 

II-5 

CAS Configuration 

Unaugmented Simulated Airplane 

oc, ^- System 

a:' "2-' #-  System 

rfy %-      System 

v   , %-    with proportional plus integral 

control and 4 rad/sec prefilter 

For each configuration, the comments are in order; Pilot R followed by Pilot 

L. The pilot rating for each task and for the overall mission are shown with 

the comments for each task under each configuration. 
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CONFIGURATION II-l 
EVALUATION FLT II-l 

PILOT R 
OVERALL PR 7.S 

CONTROL SYSTEM CONFIGURATION: Unaugmented Sim. Acft. 

GROUND ATTACK: PR S 

Attitude Control/Tracking Capability 

Pitch attitude control in the ground attack was really excellent in that it held the pitch 
attitude well.. Going from one target to the next or taking care of the transient when changing pitch 
attitude was poor because of the slow response and the tendency to overshoot the target. I did sit 
liko a rock on a given attitude, once established. 

Attitude Transients at Bomb Release 

The nose-up pitch attitude transient during bomb release was difficult to contend with because 
of the slow responding pitch control. 

Normal Acceleration Control 

There was an uneasy feeling that when I rolled in, 1 could easily dig in and overshoot the g. 
Pulling off the target, the forces were so huge for 1-1/2 incremental g that I didn't notice any 
tendency to over g with the high speed, but I did with the lower speed. So there seemed to be a 
difference as a function of speed. 

Primary Reason for Pilot Rating 

I think it is controllable; 1 think you can do the job.  I don't think it is satisfactory, 
though, because the stick forces lightened at lower speeds. The generally sluggish pitch respons» was 
not satisfactory. The very heavy forces in the pull-out were not nice either. One feature it did have 
was the really solid pitch attitude when on the target providing that I happened to get on the target 
properly.  It was considerably difficult to get on target. 

AIR INTERCEPT:  PR 7.5 

Attitude Transients During Transonic Range 

I did notice the transient in the transonic range.  It was a poor airplane.  I had a lot of 
difficulty in contending with even that tiny trim because the forces were enormous to make any changes 
or counteract any changes. So, the ability to control transients was poor. 

Actitude Control/Tracking Capability 

Pitch attitude control was just lousy. During the tracking task there was almost a constant 
oscillation. 

Attitude Control at Low Speed, High Altitude 

Around 170 knots, the low speed on this airplane was downright dangerous.  Look away, and 
you could really wrap the airplane up.  I had a great feeling of uneasiness flying this airplane. 
It  was a sluggish airplane and the forces to level off at altitude almost required two hands. .1 
thought the pitch attitude at low speed was poor. There was an uneasy feelinq that the airplane was 
just going to stand on its tail.  I had to be constantly trimming, and the trim wasn't fast enough to 
keep up with enormous forces as I tried to maneuver. 

Trim Changes with Speed Changes 

Based on the transient I saw in the transonic range, there were significant trim changes with 
speed C'.anpcs.  I was working all the time, but I didn't really just let the speed change and look 
at the trim change required. 

Primary Reaso.i for Pilot Rating 

It was cortiollable.  I don't think you can do an adequate job.  I did not like the airplane. 
I don't think we could get adequate performance.  I think that with a little in-attention, controll- 
ability might be in question. 

AIR COMBAT MANEUVERING:  PR 7 

Normal Acceleration Control 

There seemed to be a dramatic difference at 370 knots compared to 250 knots. At 250, it had 
a tendency to dig in and therefore a lack of precision in g. At 370, it seemed as if I could pull the 
g and didn't feel a tendency to -^ershoot, or dig in. So the normal acceleration control was different 
with airspeeds. 
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CONFIGURATION II-l 
EVALUATION FLT II-l 

AIR COMBAT MANEUVERING: PR 7 (Cont.) 

Attitude Control/Tracking Capability 

The tracking capability was poor.  I could not stop on the target and would end up in an 
oscillation. So, the initial response and the final response were not good. The stick forces were 
enormous throughout. At the lower speeds they tended to lighten up rather dramatically as I got  the 
response going. At the high speed they were just huge; no good. 

Predictability of Response 

Predictability of response was poor. 

Primary Reason for Pilot Rating 

It was controllable, I don't think you could track anybody; I had difficulty maneuvering 
due either to the very high forces at high speed or to the lack of predictability at the lower speed. 

LANDING APPROACH:  PR 8 

Attitude Control 

Pitch attitude control was dangerous; very bad. The airplane looked unstable longitudinally. 
I could never find the trim point and the forces were really high. With a pitch attitude established, 
it would sit there, but if I made any changes, it was slow and felt like a giant spring flying.  It 
slowly pitched up and the forces required to counteract the pitch up or pitch down, as the case might 
be, were really large. So it had dangerous pitch attitude control. 

Speed Control 

Speed control just followed along with the troubles in pitch attitude. My approach wasn't 
too bad but I was working a lot because of the forces and to stop the instability. It was not very 
comfortable. Any inattention and you are going to kill yourself. 

Flight Path Control 

Flight path control was good, but I wasn't really looking at it. 

Missed Approach 

No real problems with the missed approach in the sense that I was able to do it but the same 
difficulties I have already described were evident. 

Primary Reason for Pilot Rating 

There is some question what you really mean by controllability here.  I would say that I 
could stop from crashing.  I could do the job but I had to work at it so hard that I would not consider 
it an acceptable airplane. You could get  the ILS done and get down there but 1 think that my tolerance 
was *»ceeded; it was beyond what I consider a tolerable pilot compensation. With any kind Of distrac- 
tion, and that's part of the game, you could be in serious difficulty with this airplane very quickly. 

SUMMARY C0I*1ENTS 

Good Features 

The one I can remember, which showed up particularly in the ground attack, was that once I had 
the pitch attitude it would stay there; however, getting it to the target and counteracting any 
transients was difficult with the sluggish pitch control. 

Objectionable Features 

The pitch control was generally sluggish; the forces were particularly heavy. At the lower 
speeds there was a tendency to over gi at 370 Knots I didn't notice any over g tendency, but the forces 
required were very large.  In the landing approach it seemed as if it was unstable, so constant atten- 
tion was required and it wasn't very pleasant. In fact, it was a dangerous airplane in the landing 
approach in my opinion. 

Primary Reason for Overall Pilot Rating 

I don't think that adequate performance is attainable. The landing approach really 
deteriorates the airplane in my opinion. 
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CONFIGURATION II-l 
EVALUATION FLT 11-4 

PILOT L       CONTROL SYSTEM CONFIGURATION: Unaugmented Sim. Acft. 
OVERALL PR 9 

GROUND ATTACK:  PR 7 

Attitude Control/Tracking Capability 

Once-I got on the target, the pitch attitude control was no problem. When I changed targets, 
I had a nose bobble that was difficult to control 

Attitude Transients at Bomb Release 

There were no particular pitch attitude transients during bomb release, although the airplane 
became more stable. 

Normal Acceleration Control 

Normal acceleration control during target acquisition and tracking was not good.  I had to 
push forward on the stick to hold an established g. Target acquisition was difficult. The main thing 
I encountered was the stick force reversal to hold the g, both on roll-in during target acquisition, 
and also a little on pull-out. However, on pull-out it seemed to be alleviated quite a bit once the 
bombs came off; no problem there. 

Primary Reason for Pilot Rating 

Major deficiencies, I would say. Adequate performance isn't attainable with tolerable pilot 
compensation. You've got to think too much about what you are doing. 

AIR INTERUPT;  OR 7 

Attitude Transients During Transonic Range 

There was no particular problem in controlling whatever transients were there. 

Attitude Control/Tracking Capability 

Pitch attitude control and trackihg capability were extremely poor.  I experienced overshoots. 
When supersonic, ' noticed a definite stiffness in the control and it really hampered trackinu ability. 
Every time I pulled up the nose or pushed over, there was a considerable lag before I saw anything 
happening, and that led to overshoots on the tracking task. 

Attitude Control at Low Speed, High Altitude 

The thing I noticed throughout was the excessive stick force; not particularly a lot of dis- 
placement but a lot of stick force. 

Trim Changes with Speed Changes 

There were some significant trim changes with speed changes. As I accelerated supersonic, I 
noticed that I had to put in a good deal of force, nose down. 

Primary Reason for Pilot Rating 

Adequate performance was not attainable with maximum compensation.  I just couldn't really 
get the task done. 

AIR COMBAT MANEUVERING:  PR 6 

Normal Acceleration Control 

Normal acceleration control wasn't too bad. Not nearly so bad as when we had an aft e.g. 

Attitude Control/Tracking Capability 

Tracking capability was okay. Getting on a target was difficult. Once I was there, it was 
okay. On reversals, I had the same problem as in the Air Intercept Task. 
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CONFIGURATION II-l 
EVALUATION FLT II-4 (Cont.) 

AIR COMBAT MANEUVERING:  PR 6 (Cont.) 

Predictability of Response 

It was predictable, but slow; it had excessive stick force. 

Primary Reason for Pilot Rating 

Adequate performance requires extensive pilot compens; tion. 

LANDING APPROACH:  PR 9 

Attitude Control 

Pitch attitude control was poor, extremely poor; the stick was very stiff.  It turned into 
being a force stick, almost no displacement at all. 

Speed Control 

With marginal pitch attitude control, the speed control was very difficult. 

Flight Path Control 

The flight path was very difficult to maintain. 

Missed Approach 

There were no problems with execution of missed approach. 

Primary Reason for Pilot Rating 

I rated the approach as a deficiency that requires improvement. Intense pilot compensation 
was required to retain control, primarily in the area of pitch attitude control which really affects 
the speed and flight path control. 

When you are close to the ground you should have an airplane that you can fly and not have 
severe problems with pitch control. 

COMMENTS APPLICABLr. TO ALL THE ABOVE TASKS 

Ability to Trim 

I had to put in a considerable amount of trim in most phases of flight. 

Stick Forces 

The stick forces were by no means satisfactory; they were much too heavy. 

Change in Stick Force with Speed 

The stick force required for maneuvering did change with airspeed. Supersonic it was very 
sluggish. As we went subsonic in the air-to-air cask, or ACM task, it seemed to improve somewhat. 
There was a lot of force with very little motion.  I found this unsatisfactory. 

SUWtARY CO^ENTS 

Primary Reason for Overall Pilot Rating 

The overall rating was based mostly on the landing approach 
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CONFIGURATION I1-2 
EVALUATION FLT II-l 

PILOT R 
OVERALL PR 3 

CONTROL SYSTEM CONFIGURATION: oc , t 
GROUND ATTACK: PR 3 

Attitude Control/Tracking Capability 

The pitch attitude control was just a little bobbly in the fine control on the target, but 
I could settle it down without a lot of difficulty. It was surprisingly bobbly based on what I saw 
initially, just maneuvering it around. 

Attitude Transients at Bomb Release 

There was a mild pitch-up when I released the bombs, but I didn't have any difficulty con- 
trolling it. 

Normal Acceleration Control 

I didn't notice any particular problems. For general maneuvering to get in the ground attack 
profile, the airplane was okay. There was just a feeling of heaviness as if it were a highly damped 
or sluggish airplane, yet it did bobble on the target for very small corrections. 

Primary Reason for Pilot Rating 

I think you can do the job.  I would say it was satisfactory with the mildly unpleasant 
characteristics I have already discussed. 

AIR INTERCEPT:  PR 2.5 

Attitude Transients During Transonic Range 

Th'Te was no noticeable transient in the transonic range and I certainly had no problem 
controlling the airplane. 

Attitude Control/Tracking Capability 

I could precisely control the attitude.  The forces to do so seemed nice and light; no 
problems there. 

Attitude Control at Low Speed, High Altitude 

There was no difficulty with pitch attitude control at low speed and high altitude.  No 
longitudinal control difficulties, and trimming seemed normal and adequate. 

Trim Changes with Speed Changes 

No significant trim changes with speed.  There is just something about the control in terms 
of the heaviness when I am putting in big inputs that I Jon't really like, but it is much better than 
it was from my complaints before, the heaviness is not as severe now.  On the tracking maneuvering 
the forces were good and it was precise, maybe one tiny overshoot. Nu other problems. 

Primary Reason for Pilot Rating 

I think it is satisfactory for this task, there was a peculiar thing that I can't describe as 
a factor of the forces in controlling the airplane in pitch which borders on a mildly unpleasant 
deficiency. 

AIR COMBAT MANEUVERING;  PR 4 

Normal Acceleration Control 

wanted. 
Normal acceleration control during ACM was very precise; no problems in getting the c I 
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CONFIGURATION II-2 
EVALUATION FLT II-l (Cont0 

AIR COMBAT MANEUVERING:  PR 4 (Cont.) 

Attitude Control/Tracking Capability 

The tracking ability was good.  I could stop the nose where I wanted and move it without any 
difficulties. 

Predictability of Response 

The initial response was just heavy, that was my problem with the airplane, which doesn't 
come out in the comments directly. The stick forces were just generally too heavy and to pull an 
incremental 1 g, I estimate that the forces got to be 10 to 15 lb.  There was a slight feelinc, on 
occasion a feedback on the stick, that I so.-t of got stick pumping.  I felt somethinc pushing on the 
stick occasionally which took away from the smoothness of applying the control input longitudinally. 
So the dominant thing was that the Stic1, tjrces were just too heavy.  The precision of the control was 
good.  No problems.  Tiny changes in pitch attitude, no problem; but in the cross maneuvering, it was 
the high stick forces that bothered me. 

Primary Reason for Pilot Rating 

I could do the job, I just had to work hard and my right arm got a little tired even with 
small incremental g.  So, it was not satisfactory because of the high stick forces in the cross 
maneuvering;. 

LANDING APPROACH:  PR 2.5 

Attitude Control 

Pitch attitude control during the approach was excellent. 

Speed Control 

Speed control was no problem. 

Plight Path Control 

Flight path control was qood. 

Missed Approach 

I did notice a slight tendency to overcontrol in pitch.  Pitch was very responsive and per- 
haps a little too much, although during the approach it was very easy to fly and there was a very 
smooth feel about the controls both laterally and longitudinally.  Small changes in pitch attitude 
could be made precisely with no evidence of overcontrolling.  A slight bobble was noticed on the 
flare and initiation of the go-around. 

Primary Reason for Pilot Rating 

1 think it was satisfactory.  The bobble that was noticed at the end, the little feeling of 
oversensitivity, degraded it slightly. 

COMMENTS APPLICABLE TO ALL MIL ABOVE TASKS 

Ability to Trim 

No problems throughout. 

Stick lorces 

Stick forces were not satisfactory in the ACM and perhaps they were a little light on the 
go-around from landing approach.  They seemed to be okay in the air intercept phase.  Stick motion 
was satisfactory throughout. 
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CONFIGURATION 11-2 
EVALUATION FLT II-1 

COMMENTS APPLICABLE TO ALL THE ABOVE TASKS (ContJ 

Change in Stick Force with Speed 

I am not sure in the ACM that I didn't see a tendency for the stick force to get really heavy 
as I slowed down but I really didn't see anything that I could positively identify. 

SU^RY COMMENTS 

Good Features 

Generally the precision of pitch attitude control was excellent throughout. 

Objectionable Features 

Objectionable features were the general heaviness of the stick forces in ACM and the little 
bit too light, too sensitive for pitch control, in the wave-off portion for the landing approach. 
There was also, during the ACM, occasionally some interference from the stick, some feedback to the 
stick.  When relaxing forces and trying to change the pitch attitude it was noticeable.  It didn't 
bother me doing the job. 

Primary Reason for Overall Pilot Rating 

I think overall it was a satisfactory airplane.  It gets de-rated ■ilightly because of the 
heaviness in ACM.  I could do the job but it was uncomfortable. 

CONFICURAtlON 11-2 (Repeat) 
EVALUATION FLT 11-3 

PILOT R 
OVERALL PR 

CONTROL SYSTEM CONFIGURATION: « ,0.. (Repeat) 

ÜROUNÜ ATTACK:  PR 2 

Attitude Control/Tracking Capability 

There happened to be a single cloud sitting off and I tried to maneuver to it.  The pitch 
control was very good, a tiny bolible near the end, but I could get it on the target. The pitch 
attitude control was excellent and ground tracking w.:s good. No difficulties encountered. 

Attitude Transients at Bomb Release 

I noticed the pitch transients, but I could control the airplane very well on release. 

Normal Acceleration Control 

No problem with the normal acceleration control.  I thought it was a very good airplane 
for the ground attack. 

Primary Reason for PiUt Rating 

I thought it was satisfactory. 

AIR INTERCEPT:  PR 2.5 

Attitude Transients Pur ng Tr-TiSonic Range 

I didn't notice them. 

Attitude Control/Tracking Capability 

1 noticed an initial abruptness whenever trying any aggressive maneuvering.  It was a minor 
complaint but it was noticeable on occasion. As far as the tracking was concerned, I could track 
precisely. Maybe one overshoot but I could get the needle there quickly and with precision. The 
initial and final response were satisfactory. 
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CONFIGURATION II-2 
EVALUATION FLT II-3 (Cont.) 

AIR INTERCEPT: PR 2.5 (Cont.) 

Attitude Control at low Speed, High Altitude 

Pitch attitude control at low speed was satisfactory; no complaints. No trim changes noticed. 

Trim Changes with Speed Changes 

No significant trim changes with airspeed were noticed. 

Primary Reason for Pilot Rating 

It was a satisfactory airplane for the air intercept phase.  It was slightly degraded for 
the little bit of abruptness when initially making inputs. 

AIR COMBAT MANEUVERING:  PR 2.5 

Normal Acceleration Control 

Normal acceleration control was satisfactory. At high g, there was still a little kickback 
on the stick, a nibbling or sort of a pulsing on the stick which wasn't very comfortable. 

Attitude Control/Tracking Capability 

It was a little difficult to trim. Trying to move up to the horizon, I felt that I could, 
coming out of reasonably high g maneuvers, stop the pipper on the target with satisfactory precision. 

Predictability of Response 

Initial response and final response were both satisfactory. 

Primary Reason for Pilot Rating 

A little bit of bobble getting on the target but it was a satisfactory airplane. 

LANDING APPROACH:  PR 2 

Attitude Control 

Pitch attitude control was just excellent.  It is unusual to have a responsive airplane like 
this in the landing approach.  It was very responsive and the precision of pitch attitude control 
was outstanding. There was a little tendency to Ijbble on the go-around. 

Speed Control 

The speed control was good. 

Flight Path Control 

Flight path control was good. 

Hissed Approach 

The sensitivity did show up just a little bit, but it was just a precise, smooth, responsive 
airplane. 

Primary Reason for Pilot Rating 

1 think it was a good airplane; satisfactory. The only reason that it was not better was a 
little tendency to be too sensitive, but you would likely learn to fly it, quite well.  It was just a 
little different than what I've ever seen on a landing approach. 
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CONFIGURATION II-2 
EVALUATION FLT II-3 (Cont.) 

COMMENTS APPLICABLE TO ALL THE ABOVE TASKS 

Ability to Trim 

No problems with trimming. 

Stick Forces 

1 didn't really notice any problem. 

Change in Stick Force with Speed 

Stick force required for maneuvering didn't noticeably change with airspeed. 

SUMMARY COMMENTS 

Overall, the airplane was satisfactory. 

COM IGURATION 11-2 
EVALUATION FLT 11-4 

PILOT L 
OVERALL PR 

CONTROL SYSTEM CONFIGURATION: «, % 

GROUND ATTACK:  PR 3 

Attitude Control/Tracking Capability 

On the bombing run I had difficulty holding the pipper on the target.  Every time 1 acquired 
the target, the nose would oscillate up and down and it was difficult to stabilize and pull to another 
target.  During the acquisition and during the run, I had the same problem.  The nose bobbletl consider- 
ably,  So I thought the pitch control was difficult. 

Attitude Transients at Bomb Release 

I didn't particularly notice any pitch transients during release.  The plane did feel a 
little more stable when we released but it wasn't really noticeable. 

Normal Acceleration Control 

It was a little bit sensitive on the normal acceleration.  1 really felt it on the pull-out. 

Primary Reason for Pilot Rating 

I'd say the nose bobble was a mildly unpleasant deficiency.  Some pilot compensation was 
required, and this degraded the airplane somewhat. 

AIR INTERCEPT: PR 4 

Attitude Transients During Transonic Range 

I didn't notice any sensitivity change in pitch as the airplane accelerated through the transonic 
range. 
Attitude Control/Tracking Capability 

It didn't seem to overshoot a great deal; however, there were some overshoots. 

Attitude Control at Low Speed, High Altitude 

No comments. 

Trim Changes with Speed Changes 

I didn't notice any significant longitudinal control displacement, or force changes with speed. 
However, I could see it in trim. 
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CONFIGURATION 11-2 
EVALUATION FLT 11-4 (Cont.) 

AIR INTERCEPT:  PR 4 CCont.) 

Primary Reason for Pilot Rating 

Deficiencies warrant improvement because of the overshoot tendency, 

AIR COMBAT MANEUVERING:  PR 2 

Normal Acceleration Control 

Normal acceleration control during ACM was good. 

Attitude Control/Tracking Capability 

Tracking capability was very good. The pipper was steady during reversals, exceeding bO^ of 
bank.  Longitudinal control in turns was good, really good in fact. 

Predictability of Response 

Predictability of the aircraft response to ACM type maneuvering was good.  It seemed to be 
just a little bit stiff, not quite as sensitive as maybe I would like for this type of maneuvering. 

Primary Reason for Pilot Rating 

I would call it good, with negligible deficiencies; i.e., I think it felt just a little bit 
stiff. 

LANDING APPROACH:  PR 2 

Attitude Control 

Pitch attitude control was really good.  I felt perhaps a little bit of nose bobble, but not 
much; not to where it was not easily controlled. As a result of good pitch attitude control, speed 
control ,ind flight path control were also good. 

Speed Control 

Speed control was good. 

Flight Path Control 

Flight path control was good. 

Missed Approach 

No problems in the execution of missed approach. 

Primary Reason for Pilot Rating 

It was good in this task. 

COMMENTS APPLICABLE TO ALL THE ABOVE TASKS 

Ability to Trim 

Ability to trim was good.  In fact, not a great deal of trim was needed throughout the regime. 

Stick Forces 

Stick forces were most satisfactory. There were no large displacements. I barely noticed it 
on the approach. The stick didn't slop around, it was nice. It didn't require great movements to get 
a desired attitude. 

SUNWARY COMMENTS 

Primary Reason for Overall Pilot Rating 

B.-ised on my learning curve for the first maneuver, for the dive bombing, I would say that 
throughout the envelope it was good, with negligible deficiencies. 
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CONFIGURATION II-2 (Repeat)  PILOT L       CONTROL SYSTEM CONFIGURATION: O«., 0. (Repeat) 
EVALUATION FLT 11-6 OVERALL PR 1 

GROUND ATTACK:  PR 2 

Attitude Control/Tracking Capability 

I had a difficult time trimming the lateral-directional, and encountered some pitch problems. 
There wasn't any particular problem once I got on the target. The nose seemed to bobble quite a bit 
during the run. The second run was better than the first, but not much. 

Att.itude Transients at Bomb Release 

There were some pitch transients during target acquisition. 

Normal Acceleration Control 

Normal acceleration control throughout the maneuvers was no problem at all. 

Primary Reason for Pilot Rating 

I thought the negligible deficiency was the bit of pitch oscillation. 

AIR INTERCEPT:  PR 1 

Attitude Transients During Transonic Range 

Pitch attitude transients were negligible during the transonic range.  The only difference I 
noticed was that the controls became a little stiffer.  The pitch control was just a little bit stiffcr 
during supersonic. 

Attitude Control/Tracking Capability 

The pitch attitude control and tracking capability were excellent. 

Attitude Control at Low Speed, High Altitude 

Pitch attitude control at low speed, high altitude was no problem at all; still cood. 

Trim Changes with Speed Changes 

No significant trim changes with speed changes. 

AIR COMBAT MANEUVERING:  PR 1 

Normal Acceleration Control 

Normal acceleration control was excellent. 

Attitude Control/Iracking Capability 

Tracking capability was excellent. 

Predictability of Response 

Predictability of aircraft response was still exct lent.  Pilot rating during ACM was 1. 

LANDING APPROACH:  PR 2 

Attitude Control 

Pitch attitude control was excellent. 

Speed Control 

Speed control was excellent. 

Flight Path Control 

Flight path control was excellent. 
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CONFIGURATION 11-2 
EVALUATION FLT II-6 CCont.) 

LANDING APPROACH: PR 2 (Cont.) 

Missed Approach 

No problems with the execution of the missed approach. 

Primary Reason for Pilot Rating 

The only deficiency I saw with the system was that the stick force was just a little heavier 
than I would have liked. 

COMMENTS APPLICABLE TO ALL THE ABOVE TASKS 

Ability To Trim 

I really didn't notice much need to trim the aircraft. 

Stick Forces 

Stick forces were slightly heavier as we went supersonic and also slightly heavier in the 
approach.  It wasn't objectionable; I just prefer lighter stick force in the approach than what I had. 
However, it didn't interfere with the control of the aircraft in maintaining steady pitch attitudes. 

Changes in Stick Force with Speed 

Stick force required for maneuvering changed very little with airspeed. The little bit was 
perceptible and the change was acceptable. Stick motion was satisfactory. 

SUMMARY COMMENTS 

Overall I'd say this aircraft was very good; excellent. 

CONFIGURATION 11-3     PILOT R       CONTROL SYSTEM CONFIGURATION: 0C.T^>,4' 
EVALUATION FLT  11-2   OVERALL PR 2 ' 

GROUND ATTACK:  PR 2 

Attitude Control/Tracking Capability 

Pitch attitude control during ground attack was just outstanding.  1 could really put it where 
I wanted and move it around quite nicely. No difficulties in tracking. 

Attitude Transients at Bomb Release 

I didn't even notice them at the drop point. 

Normal Acceleration Control 

During target acquisition, the forces were just puzzling. Sometimes they felt heavy and 
sometimes they felt all right. On the pull-out, for example, they were a little bit heavy to mc 
although it was not a great problem. My only complaint was the stick force gradients.  I would have 
liked them a little lighter at the higher speed on the pull-out. 

Primary Reason for Pilot Rating 

From what I saw, during the ground attack it was a satisfactory airplane. 

AIR INTERCEPT;  PR 2.5 

Attitude Transients During Transonic Range 

I didn't notice any pitch attitude transient going through fhe transonic range.  So, the 
ability to control them was good, since I didn't notice any. 
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CONFIGURATION 11-3 
EVALUATION FLT II-2 (Cont.) 

AIR INTERCEPT: PR 2.5 (ContJ 

Attitude Control/Tracking Capability 

I thought tracking capability was very good. 

Attitude Control at Low Speed, High Altitude 

It s.tarted to get a little bit touchy at the lower speed, 170 knots. Very precise control, 
however, was a little bit sensitive. 

Trim Changes with Speed Changes 

I noticed myself having to trim quite a bit after slowing down, but it didn't seem abnormal. 

Primary Reason for Pilot Rating 

The precision tracking was excellent.  Good airplane; the only problem I had was the slight 
problem with high sensitivities at the low speeds although i.he precision was excellent even at this 
sensitive control. 

AIR COMBAT MANEUVERING:  PR 2.5 

Normal Acceleration Control 

I really thought this was the best airplane I have seen in terms of the stick forces.  I 
could really maneuver it. The only problem was a little tendency to jiggle on the g application. 
Obtaining the g that 1 wanted or stopping on the target, I got maybe one or two overshoots.  It was 
just a little bit too sensitive but otherwise it was a real fine airplane to maneuver around. 

Attitude Control/Tracking Capability 

In tracking there Was just a slight tendency to overshoot which detracted from an otherwise 
outstanding airplane. 

Predictability of Response 

Predictability of the initial response was great. Predictability of the final response left 
a little bit to be desired in terms of the little bobble at the enr'. However, I could get it on the 
target after one or two bobbles with no problem. 

Primary Reason for Pilot hating 

I certainly thought it was satisfactory.  However, I'll have to degrade it a bit for the 
little bobbles. 

LANDING APPROACH:  PR 2 

Atti tude Control 

Pitch attitude control was excellent. There was a problem, however, with the trim. The last 
part of the approach and go-around I was out of aft trim, so I had to hold the force. The forces were 
quite light so it wasn't a problem but there was a little tendency to bobble, which I attributed to 
the trim. It had sensitive but very precise control. But with the trim problem, everytimc I relaxed, 
the nose would fall down. I would get a little oscillation induced by the trim problem, which I chose 
to ignore and say that we should normally have trim and we can make that work. 

Speed Control 

Speed control was good. 

I light Path Control 

Plight path control was good. 
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CONFIGURATION II-3 
EVALUATION FLT 11-2 (Cont.) 

LANDING APPROACH: PR 2 (Cont.) 

Primary Reason for Pilot Rating 

It was satisfactory and I think it was a good airplane. If I didn't have that trim problem 
I'd likely rate it better but I'm not sure my interpretation of what I saw was due just to the trim. 

SUMMARY COSWENTS 

Good Features 

The precision of pitch attitude control was outstanding. Force levels were generally good. 

Objectionable Features 

A little over sensitivity at low speeds and a little over sensitivity in the ACM precision 
tracking. 

Primary Reason for Overall Pilot Rating 

It was a good airplane, having only the minor pitch sensitivity problem. 

CONFIGURATION II-3    PILOT L       CONTROL SYSTEM CONFIGURATION: <*,1^>,<{' 
EVALUATION FLT 11-5    OVERALL PR 1 6 

GROUND ATTACK:  PR 1 

Attitude Control/Tracking Capability 

It seemed to be quite sensitive on the roll-in. Once established on tracking it didn't 
seem to be too much of a problem. Pitch attitude control was not difficult and ground target tracking 
was relatively easy.  It was easy to acquire different targets without too much pitch bobble. 

Attitude Transients at Bomb Release 

I didn't notice any particular transients during the bomb release. It was sensitive in pitch 
before release. The bobbles didn't interfere with the target acquisition and tracking. 

Normal Acceleration Control 

Normal acceleration control was good; no problem. 

Primary Reason for Pilot Rating 

It was good. There were no deficiencies; pilot compensation was not a factor. 

AIR INTERCEPT:  PR 1 

Attitude Transients During Transonic Range 

Air intercept was beautiful. Pitch attitude transients were negligible. I didn't even notice 
them when we went through Mach. 

Attitude Control/Tracking Capability 

Pitch attitude control and tracking capability were outstanding; no problem. 

Trim Changes with Speed Changes 

No significant trim changes with speed changes. 
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CONFIGURATION 11-3 
EVALUATION FLT II-5 (Cont.) 

AIR COMBAT MANEUVERING:  PR 1 

Normal Acceleration Control 

Normal acceleration control was beautiful. 

Attitude Control/Tracking Capability 

Tracking capability and longitudinal control were excellent.  I noticed very little pitch 
bobble or oscillation at all; in fact, none. 

Predictability of Response 

Predictability of the aircraft response was excellent. 

Primary Reason for Pilot Rating 

An excellent airplane. 

LANDING APPROACH:  PR 2 

Attitude Control 

The pitch attitude control was good. 

Speed Control 

Speed control was really excellent.  I noticed one thing; the stick forces were a little 
higher and the notion a little greater on the power approach than in the other tasks. 

Flight Path Control 

Flight path control was easy. 

Missed Approach 

No problems with the execution of the missed approach. 

Primary Reason for Pilot Rating 

I think there was a little deficiency, compared to the rest of the flight.  Stick forces 
seemed to be somewhat increased, and the stick motion also increased a little. There was really no 
problem, though. 

COMMENTS APPLICABLE TO ALL THE ABOVE TASKS 

Ability to Trim 

Trim was excellent. 

Stick Forces 

Stick forces were more than satisfactory in fact, they were excellent. 

Change in Stick Force with Speed 

The stick force required for maneuvering changed very little with airspeed.  During the ACM, 
I didn't wind up with a heavy stick force or the stick in my lap. So both the stick force and stick 
motion were satisfactory. In fact, they were excellent throughout the envelope. 

SUMMARY COMMENTS 

Primary Reason for Overall Pilot Rating 

The airplane showed excellent characteristics throughout the envelope.  I didn't consider the 
negligible deficiencies in the powered approach to be a real factor. 
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CONFIGURATION II-4 
EVALUATION FLT II-3 

PILOT R       CONTROL SYSTEM CONFIGURATION: TU , f 
OVERALL PR 3 

GROUND ATTACK: PR 3 

Attitude Control/Tracking Capability 

In tracking, there was a little tendency to bobble on the target. I could, however, get it 
on the target without difficulty. 

Attitude Transients at Bomb Release 

Transients were not noticeable. 

Normal Acceleration Control 

When turning in, there was just a slight feeling of lightening of the stick forces, a slight 
tendency to dig in. It gave me a little hesitancy about really pulling quickly into the maneuver. 
There was a slight tendency to overshoot. 

Primary Reason for Pilot Rating 

I could do the job all right. There was a slight tendency to bobble on the target. When 
pulling onto the target there was a little tendency to feel as if it were wrapping up. Pulling off 
the target, it felt quite good. During the climb-out, I seemed to spend a little time trimming it. 
It was a little difficult to find a precise trim.  So I think you can do the job with it. I think 
it was satisfactory. 

AIR INTERCEPT:  PR 2.5 

Attitude Transients During Transonic Range 

No pitch attitude transients that I noticed. Control was not a problem. 

Attitude Control/Tracking Capability 

Pitch attitude in the tracking task was good. Tracking capability was good. 

Attitude Control at Low Speed, High Altitude 

I didn't notice anything with pitch attitude at low speed. Climbing up, I did notice that I 
got a little bit of wandering in trim although that seemed to improve as I got higher. 

Trim Changes with Speed Changes 

I didn't notice any significant trim changes with airspeed. 

Primary Reason for Pilot Rating 

It was a satisfactory airplane as far as the air intercept was concerned. 

AIR COMBAT MANEUVERING:  PR 4 

Normal Acceleration Control 

Normal acceleration control at high speed was excellent; very precise. Occasionally, at the 
higher g levels, there was a little feedback on the stick, which was kind of annoying. Precision of 
control was very good at high speed. At low speed, 250 knots, normal acceleration control lost some 
precision. There was a tendency to wrap up just a little bit, a feeling of lightness on the stick as 1 
increased the g level. Precision of control, stopping the airplane on a target or maneuvering from 
target to target, was degraded somewhat. I could still, however, get the job done. 

Attitude Control/Tracking Capability 

Tracking capability was very good at high speed. 
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CONFIGURATION II-4 
EVALUATION FLT 11-3 (Com.) 

AIR COMBAT MANEUVERING: PR 4 (Cont.) 

Predictability of Response 

At high speed (*370 knots IAS), initial and final response were good.  I could stop the air- 
plane, from an abrupt maneuver, right on target. 

Primary Reason for Pilot Rating 

At high speed, it was just excellent; but the lower speed degraded it. Considering the low 
-speed problems, I think these were minor, but annoying deficiencies because of the deterioration at low 
speed of pitch attitude control. 

LANDING APPROACH: PR 3 

Attitude Control 

It didn't seem very stiff in pitch attitude on the landing approach, although there was no 
difficulty in doing the job. It didn't hold pitch attitude very well. 

Speed Control 

The- speed control was satisfactory. 

Flight Path Control 

Flight path control was satisfactory. 

Missed Approach 

On the missed approach, I noticed a little abruptness with the input, but not a real problem. 
Coming into the landing approach, I noticed the trim was not as precise as other airplanes, and there 
was a tendency to be just working at trimming the airplane. On the missed approach, there was a 
tendency to overcontrol just a little.It was a minor observation, however. 

Pri-nary Reason for Pilot Rating 

It was satisfactory. 

COMMENTS APPLICABLE TO ALL THE ABOVE TASKS 

Ability to Trim 

I think there was a degradation in my ability to trim, particularly at the lower speeds and 
in the landing approach. 

Stick Forces 

The tendency for stick forces to lighten in ACM was a problem  Otherwise the stick forces 
were okay.  Stick motion was not a factor. 

Change in Stick Force with Speed 

There was a change in stick forces with airspeed in the ACM. I chose to call it unsatisfactory 
for that reason. 

SUMMARY COMMENTS 

Good Features 

I could do the job with the airplane.  I think it was generally satisfactory. 
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CONFIGURATION 11-4 
EVALUATION FLT 11-3 (Cont.) 

SUMMARY COMMENTS (Cont.) 

Objectionable Features 

The only objections I had were the tendency toward the lightening of the stick forces when 
speed was reduced in the ACM, and the wandering in the trim. 

Primary Reason for Overall Pilot Rating 

Overall, I think, the airplane was still satisfactory. 

l>'i CONFIGURATION 11-4    PILOT L        CONTROL SYSTEM CONFIGURATION: 
EVALUATION FLT 11-6   OVERALL PR 1 

GROUND ATTACK:  PR 2 

Attitude Control/Tracking Capability 

Pitch attitude control during ground tracking - presented no problem.  Tracking was good; it 
was no problem to acquire and reacquire a target. 

Attitude Transients at Bomb Release 

There weren'; any significant pitch attitude transients during the release although the air- 
plane dM feel more stable after release. 

Normal Acceleration Control 

Coming over the top it felt as if the stick force per g was pretty flat.  In fact, 1 had to 
put on very little stick force in order to get the roll in g that I wanted.  Normal acceleration con 
trol during target acquisition and tracking was no problem, but the flat stick force per g led to 
sensitive normal acceleration control which was somewhat objectionable. 

Primary Reason for Pilot Rating 

I'd rate it good with the normal acceleration control being a neglieible deficiency. 

AIR INTERCEPT:  PR i 

Attitude Transients During Transonic Range 

There weren't any significant pitch attitude transients; however, it did seem to become mori' 
pitch-sensitive as we went though Mach. 

Attitude Control/Tracking Capability 

Pitch attitude control and tracking capability were no problem at all; verv little overshoot 
was encountered. 

Attitude Control at Low Speed, High Altitude 

Pitch attitude control at low speed, high altitude, was excellent; there weren't any 
longitudinal control or trim difficulties. 

I rim Changes with Speed Changes 

No significant trim changes with speed change, very little at all. 

Primary Reason for Pilot Rating 

No problem at all. 
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CONFIGURATION 11-4 
tVALUATION FLT 11-3 (Cont.) 

AIR COMBAT MANEUVERING:  PR 1 

Normal Acceleration Control 

Normal acceleration control during ACM was excellent. 

Attitude Control/Tracking Capability 

Tracking capability was excellent. 

Predictability of Response 

Predictability of the aircraft response was excellent. 

Primary Reason for Pilot Rating 

Outstanding; no perceptible pitch transients or pitch bobble during the air intercept and 
ACM maneuvers. 

LANDING APPROACH:  PR 1 

Attitude Control 

Pitch attitude control felt real good.  The nose seemed to wobble quite a bit but it has easy 
to maintain good steady instruments. 

Speed Control 

Speed control was excellent. 

i-light Path Control 

Might path was excellent; no problem. 

Missed Approach 

So problems in the  execution of the missed approach. 

CUMMt.MS VPPI.ICABl.E 10 Ul Till. ABÜVi: I ASKS 

\bi1i tv tu I rim 

I  didn't  noti-v much  need  to trim at  all.     1   could easily do whatever trimmint; was  needed. 

Stick lorces 

Stick forces were more than satisfactory; they were quite licht, very acceptable.  It was very 
easy to control the airplane. 

Change in Stick Iorce with Speed 

The stick force required for maneuvering the airplane didn't change mu.h at all.  Stick 
motion was most satisfactory.  The stick didn't move much; it didn't slop around, so 1 could precisely 
control the airplane. 

SUMMARY COMMENTS 

Primary Reason for Overall Pilot Rating 

Ihere was one negligible deficiency; the little bit of a flat stick force per i: on the first 
maneuver, but other than that the airplane was excellent. 
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CONFIGURATION II-5 
FVALIMTION FLT 11-2 

PILOT R 
OVERALL PR 2 

CONTROL SYSTEM CONFIGURATION: *U,a, with P 6 I yf 

GROUND ATTACK:  PR 4 

Attitude Control/Tracking Capability 

I didn't see any tendency to dig in. The airplane was reasonably sluggish in pitch control. 
However, on the ground attack I didn't have too many major complaints.  Pitch attitude control during 
the tracking was good. Once on the target, it just stayed there solidly. There was a little bit of 
a tendency to overshoot the target because of the sluggish initial pitch response, but I could work it 
back to the target in good time and hold it on ll.e target precisely. 

Attitude Transients at Bomb Release 

The bomb release did not present a problem.  I didn't notice any transient; if there was one, 
I was able to control it. 

Normal Acceleration Control 

I just detected a little digging in tendency going in; nothing noticeable coming off the 
target. Stick forces on the pull-out were good. 

Primary Reason for Pilot Rating 

I didn't think the pitch response, initial response, was what I would consider satisfactory. 
So I would say ii gave me minor but annoying deficiencies. 

AIR INTERCPET:  PR 2 

Attitude Transients During Transonic Range 

Nothing to comment on the transients. 

Attitude Control/Tracking Capability 

Pitch attitude control and tracking capability were excellent. 

Attitude Control at Low Speed, High Altitude 

Pitch attitude control at low speed was also excellent.  Initial response and final response 
were well behaved. There were no trim problems. 

Trim Changes with Speed Changes 

I didn't notice any significant trim change with speed. As far as the high altitude was 
concerned, it seemed that on the way up, the precision was okay. The quickness, the initial response, 
seemed improved as we got higher and was good throughout the intercept phase. 

Primary Reason for PiUt Rating 

I think it was satisfactory in the intercept phase.  I don't recall doing any compensation; 
it was a nice light airplane, responsive and precise. 

AIR COMBAT MANEUVERING:  PR 2 

Normal Acceleration Control 

Normal acceleration control was excellent. 

Attitude Control/Tracking Capability 

Tracking was just unbelievable. You could come from a high g pull-up and stop it on a cloud, 
and it wouldn't even wiggle one pippcr width. 
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CONFIGURATION II-S 
EVALUATION FLT II-2 (Cont.) 

AIR COMBAT MANEUVERING:  PR 2 (Cont.) 

Predictability of Response 

The predictability was excellent.  In the initial response, the forces felt a little heavy 
initially, and then lightened up slightly. So that wasn't quite ideal, but I could hold g levels within 
tenths of a g very easily. And as I said, I could stop it on the target amazingly well.  But a sort 
of modulation of the stick forces was noticeable.  It was satisfactory, though. 

Primary Reason for Pilot Rating 

It was certainly a satisfactory airplane, but the force changes preclude it from being 
excellent. 

LANDING APPROACH:  PR 1 

Attitude Control 

Pitch attitude control was excellent. 

Speed Control 

Speed control excellent. 

Flight Path Control 

Flight path control was excellent.  It was just a great airplane flying down the approach. 

Missed Approach 

The forces were noticeable on the missed approach, but that was kind of nice because it just 
felt solid. So I thought it was a very fine airplane on the landing approach. 

Primary Reason for Pilot Rating 

It was a very satisfactory airplane. 

COMMENTS APPLICABLE TO ALL TASKS 

Abi 1ity to Trim 

Ability to trim was good all the way around. 

Stick Forces 

I seemed to notice some sluggish pitch response when I first took it at 2S0 knots and 
5,000 ft.  I seemed to notice a slight tendency to lighten up in some portions of the ACM.  Stick motion 
was satisfactory. 

Change in Stick Force with Speed 

I didn't notice any real stick force changes with the airspeed. 

SUMMARY COMMENTS 

Good Features 

It was a solid feeling airplane particularly in the landing approach.  In general, the predict- 
ability of pitch response was outstanding. 

Objectionable Features 

There were some problems with the stick force modulation in ACM, and the pitch response was 
sluggish when I first evaluated 't in the ground attack.  Initial response was not satisfactory in the 
ground attack and that detracted from the predictability. If after flying it a long time, it seemed 
to get better as we were doing different things and flying at different altitudes and speeds. 

268 

-- ■ -*--■- 

■ i-   ■  ■  -- 



.in  I  HI iM^iiiii-ii i'imu1^-"1"»*1^!" IUMI •* 

CONFIGURATION II-5 
EVALUATION FLT 11-2 (Cent.) 

SUMMARY COMMENTS (Cont.) 

Primary Reason for Overall Pilot Rating 

It was generally a very good airplane. 

CONFIGURATION II-5    PILOT L       CONTROL SYSTEM CONFIGURATION: W, , a        with P + I 
EVALUATION FLT II-S   OVERALL PR 2 ' 

GROUND ATTACK: PR 3 

Attitude Control/Tracking Capability 

Pitch attitude control for ground target tracking seemed a little difficult.  I think the 
primary reason why I had trouble was that the forces seemed to be a little high, and I got a little bit 
of overshoot. When I acquired a target and then went to another target, the airplane tended to have 
a -KM, overshoot and then stabilize. Once on the target, it wasn't any problem; it was steady on target. 

Attitude Transients at Bomb Release 

I couldn't really notice any pitch attitude transients during release.  I do know that as 1 
rolled in, it felt as if stick force per g started to flatten out and I had to push a little bit during 
the roll-in. 

Normal Acceleration Control 

Normal acceleration control during target acquisition and tracking was not too bad.  I think 
it would have been easier had the stick forces been a little bit lighter. 

Primary Reason for Pilot Rating 

It had some mildly unpleasant deficiencies primarily due to the stick force, but minimum pilot 
compensation was required. 

AIR INTERCEPT:  PR 3 

Attitude Transients During Transonic Range 

There were no significant pitch transients as we went supersonic. 

Attitude Control/Tracking Capability 

The pitch attitude control was degraded very slightly by the slightly heavy stick forces, and 
led to very mild overshoot if I pursued the tracking aggressively. This was not a very serious 
deficiency, however. 

Attitude Control at Low Speed, High />it!tude 

There were no longitudinal control or trim difficulties at high altitude; in fact, it felt 
very stable.  It was very easy to control both high- and low-speed at high altitude. 

Trim Changes with Speed Changes 

No significant trim changes with speed changes. 

Primary R:ascri for Pilot Rating 

I would say that it required minimal pilot compensation.  I had to slow down my stick inputs 
just a little bit to prevent overshooting. 
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CONFIGURATION 1I-S 
EVALUATION FLT II-S (Gont.) 

AIR COMBAT MANEUVERING: PR 3 

Normal Acceleration Control 

Normal acceleration control was excellent. 

Attitude Control/Tracking Capability 

Tracking capability was excellent. 

Predictability of Response 

The predictability was good, to fair. Once it was on target, it was really Rood, but when I 
was searching back and forth acquiring a target, it led to some overshooting. 

Primary Reason for Pilot Rating 

The tendency to overshoot was a minor deficiency. 

LANDING APPROACH:  PR 2 

Attitude Control 

Pitch attitude control was excellent. 

Speed Control 

Speed control was no problem. 

Flight Path Control 

Flight path control was good. 

Missed Approach 

The missed approach was no problem. 

Primary Reason for Pilot Rating 

I would say it had negligible deficiencies, mainly the stick force was heavier at low speeds 
in the power approach. 

SUMMARY COMMENTS 

Primary Reason for Overall Pilot Rating 

I would say that the overall rating would be good.  It seemed to have minimal deficiencies. 
The only comment I really have was the slightly high stick forces were more characteristics of an 
attack-type aircraft than a high performance fighter. 
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Appendix IV 

DERIVATION OF EQUATIONS (6.17a) THROUGH (6.17c) 

For Kt^o and with prefilter and sensor filters deleted (see Figure 

42), the SCAS reduces to the following configuration: 

<Sc SIMULATED 
UNAUGMENTED 

AIRCRAFT 

lr\ k V, ̂  L 

CW^/ 
-1         "if 

K>, 

1            h  TV — Kt- ve> s 
\ X Kot 1            «■ 

J 

In the above sketch, "i  is given by 

J. 
(A. IV-1) 

where A =  12.5 ft. Neglecting the small -2£ of the NT-33A, the transfer 

functions of the short-period dynamics are given by 

e Mc (^J 
i+zKp%P s+<p 

(A.   IV-2) 
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aC MR 

se 

^r "sf(^t**t4-J 
sS 24p    ^p    s i-^Sp 

(A.   IV-3) 

(A.   IV-4) 

The transfer function     —— (s)    then becomes 

s? 
as) M0 K    — (A.   IV-5) 

where 

ziou,   - ' *feL *.0 

W. 

The SCAS may now be represented by the following block diagram 

r— N, 

F6   -r ^n :" i ö« L,..I M 

r 
1 ICc \ 

-       IN z 

(1l,3j ! N3 

oc 

© 
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where 

G, 5l ^  i4P    Hp   s * Hp 

N, 

N3     -   (f)(fejMS 

HCS)   -   M& % f   ( s't^.H  ^+</) 

It is readily shown that 

n rr 
Cs)   = 

K6, N3 

I   +K&, H 

^    Te4 
KM. 

/*kMfi K^ K0 

 ä *: ^-5— 

(A.   IV-6) 

2 where 3sp and a;sp are the closed-loop damping ratio and undamped natural 

frequency, respectively.    They are given by: 

1 ^ X^ MS <0 

(A.   IV-7) 

1 ^ 
6P 

^ 

/   t-  K/C       Mr  K 
f 5 ^0 

(A.   IV-8) 

From (A.IV-6),  it is clear that if    ^ ^ 1 

t 

U U") 
KM, 

tu ^ 1 RAoy 6£C I  + ICM£   K, k0 'S ^1 
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and we may set the desired stick force per  « to be A/ 

(A. IV-9) 
f    V,  KM6 , 

c^KMg K^KJ is; N 

Solving equations (A. IV-7), (A. IV-8), and (A. IV-9) for   k0, k,  , and 

KM     yields the desired equations (6-17a) through (6-l7c1. 
o 

* JL Jin      ^       !_     SP *p 5P^ ^   e*' 

« \ SP    SP J[   -ipsp   '0i/    (   lP SP      %P sP/[   SP   i    r^ y 

f 

KMg -    -^-J      -^-(^^S^^) (6.17c) 
^      T-- 0. 
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LIST OF SYMBOLS 

c 
QuJ or Bandwidth; the frequency at which the phase angle of the e/ec 

transfer function » -90 deg (rad/sec) 

(Bu))       = The value of the closed-loop bandwidth which the pilot is 
trying to achieve in precision tracking tasks (rad/sec) 

x.     = Wing mean aerodynamic chord (ft) 

CL -    —^    Airplane lift coefficient 

c^ 

». 

C = —-?T  » Airplane pitching moment coefficient 

^ 

m1 

$ dilad 

det. 
(1/rad) 

9CL 

9Se 

(1/rad) 

M , Airpli 

9C^ 

doc 
(1/rad) 

[zvJ 

(1/rad) 

(1/rad) 

(1/rad) 

dB    a Decibel units for Bode amplitude, where amplitude in 

dB = 20 log.» [amplitude] 

= Rate of change of Bode amplitude with phase for the airplane 

plus pilot time delay at ^ = (Bw3min (dB/deg) 
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AS 

-*p 

L*  or Ü 
n 

9 

h 

*i 

-x 

m 

= Aileron stick force, positive to the right (lb) 

= Rudder pedal force, positive for right rudder (lb) 

= Elevator stick force, positive for a pull (lb) 

= Steady-state stick force per unit normal acceleration change, 

at constant speed (Ib/g) 

= Transfer function of the pilot model 

2 
= Acceleration of gravity (ft/sec ) 

= Altitude 
2 

= Moment of inertia about airplane y    axis (slug-ft ) 

= Pilot gain at 4; = ^min flb/de8) 

= Steady-state pilot gain (lb/deg) 

= Forward loop gain (deg/lb) 

= Inverse of integral time (rad/sec) 

= V* 
- Gain of airplane's 9/Fs transfer function^ 

e*KieC) 

= Distance of forward mounted accelerometer ahead of eg, (ft.) 

= Distance of the pilot's station ahead of e.g. (ft.) 

= Distance of angle of attack vane ahead of e.g. (ft.) 

= Airplane lift, positive for positive angle of attack (lb) 

wv 

mV 

(1/sec) 

(1/sec) 

Mass of airplane (slugs) 
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M     » Airplane pitching moment, positive nose up (ft-lb) 

M     = Mach number 

s   \ 
Ms    e (1/sec2) 
'«l^/ss 
^ScC^ 

(1/sec2) 
•T« f/ 

**&)*« (1/sec) 

^ 

? S£ Cw,ft (1/sec2) 

^ 

^('Js (1/sec) 
-Z-» y 

Fs/«           (lb /g's) 

Wi 

M, 

N 

>7      = Normal acceleration at e.g., positive for a pull up (g's) 

(77 = 1 for level flight) 

2L = Steady-state normal acceleration change per unit angle-of- 

attack change, when the airplane is maneuvered at constant 

speed (g's/radian) 

r   1 2 
f     = tfi^        » Dynamic pressure (lb/ft ) 

^     = Airplane pitch rate about y body axis; for wings-level 

flight 9=9 

^ = Airplane pitch rate, measured at sensor 

5 s Laplace operator (1/sec) 

S = Wing area (ft ) 

t = Time (sec) 
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T/.<,''^?, = Time constant of pilot's lead element 

Tp = Phugoid period (sec) 

Kitd = Trimmed indicated airspeed (knots) 

V = Trimmed true airspeed (ft/sec) 

Z*e dm     LmS€ 

oc =   Airplane angle of attack, positive for relative wind 

from below (rad) 

oCy = Airplane angle of attack as measured at sensor, uncorrected for 
position error or local flow conditions. 

/a = Airplane angle of sideslip, positive for relative wind 

from right (rad) 

A = increment of specified parameter 

SaS = Aileron stick deflection at grip, positive to the right (in.) 

5e = Airplane elevator deflection, positive trailing edge down (rad) 

See = Commanded elevator deflection 

Sup = Rudder pedal deflection, right rudder is positive (in.) 

8S = Elevator stick deflection at grip, positive aft (in.) 

/—5-)    = Steady-state gearing between elevator deflection and 

elevator stick force (rad/lb) 

(zs.) = Steady-state gearing between elevator deflection and 

elevator stick displacement (rad/in.) 

0^ = Dutch-roll damping ratio 

%P = Phugoid damping ratio 

J^SP ■ Short-period damping ratio 

JJ3 = Damping ratio of second-order control system lag 

^     = Damping ratio of second-order numerator term in bank-angle-to- 

aileron transfer function 

278 

 11 11111- ■ 



mm n^^mmr 

e 

9 

e 

0^ 
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^ 

%rTL 

a/ 

^ 

Airplane's pitch attitude with respect to horizon, positive 

nose up (deg or rad) 

Commanded change in airplane pitch attitude (deg or rad) 

(©c-ö ), Error between the commanded pitch attitude and the 

airplane pitch attitude (deg or rad) 

Constant-speed transfer function of ö to F4 for airplane 

plus control system 

Open-loop transfer function of airplane plus control system 

plus pilot 

Closed-loop transfer function of airplane plus control system 

plus pilot 

Magnitude of resonant peak in the e/©c Bode amplitude plot (dB) 
2 

Maximum Bode amplitude of -y- ( L       J 

Air density (slug/ft ) 

Real part of -5 = 0 +ju/ 

Time constant of control system lead element (sec) 

Time constant of control system lag element (sec) 

Time constant of pilot's lead element 

Time constant of pilot's lag element 

Roll mode time constant (sec) 

Spiral mode time constant (sec) 

Airframe lead time constant in elf .   transfer function (sec) 

Absolute value of control-fixed roll-to-sideslip ratio evaluated 

at   oJ - U)^ 

Bode frequency (rad/sec) 

See BW 
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u;c = Gain crossover frequency, where the open-loop Bode 

amplitude curve crosses 0 dB line (rad/sec) or filter corner 

frequency 

^ = Dutch roll undamped natural frequency (rad/sec) 

fc^x = Undamped natural frequency of feel system (rad/sec) 

^ = Corner frequency of n filter 

uj = Short-period undamped natural frequency (rad/sec) 

ijJj = Undamped natural frequency of second-order control system 

lag (rad/sec) 

^    = Comer frequency of A a filter 

uJj = Undamped natural frequency of second-order numerator term 

in bank-angle-to-aileron transfer function (rad/sec) 

i     = Signifies Bode amplitude of a transfer function 

«=£     = Signifies Bode phase angle of a transfer function 

^ ad       -    Phase angle of the airplane plus pilot time delay at 

^ " ^min (de8) 

«^ pc   = Phase angle of the pilot compensation at aJ =  (BW)min (deg) 

( )z — '     -    First derivative with respect to time 

( )z*JJ    = Second derivative with respect to time 

( ) =    Hat symbol indicates desired value of parameter 

Subscripts 

T    Denotes the basic NT-33A airframe 

e.g. Center of gravity 

SS   Steady State 

mm 
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ABBREVIATIONS 

ACM Air combat maneuvering 

CAS    Control augmentation system 

e.g.    Center of gravity 

F.C.    Flight condition 

PCS    Flight control system 

IFR     Instrument flight rules 

ILS     Instrument landing system 

KIAS Knots indicated airspeed 

KTAS Knots true airspeed 

Log Logarithm to base 10 

PIO Pilot-induced oscillation 

PIOR Pilot-induced-oscillation rating 

PR Pilot rating (Cooper-Harper scale) 

SAS Stability augmentation system 

SCAS Stability and control augmentation system 

USAF United States Air Force 

VFR Visual flight rules 

VSS Variable stability system 
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